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 ﺒﺴﻡ ﺍﷲ ﺍﻟﺭﺤﻤﻥ ﺍﻟﺭﺤﻴﻡ 
  ﺍﻟﺨﻼﺼﺔ 
ﺍﻻﺴـﺘﺜﻤﺎﺭﻴﺔ ﻟﻤﺸﺎﺭﻴِﻊ ﺃﻤﺜل ﺍﻟﻤﻭﺍﻗﻊ ﻹﻗﺎﻤﺔ ﺍ  ﺍﺨﺘﻴﺎﺭﺘﻁﺒﻴﻕ ﻨﻅﺎﻡ ﺍﻟﻤﻌﻠﻭﻤﺎﺕ ﺍﻟﺠﻐﺭﺍﻓﻴِﺔ ﻓﻲ       ﺇﻥ  
 ﻗﻊﺍﺍﻟﻤﻭ ﺏﻻﺨﺘﻴﺎﺭ ﺃﻨﺴ  ﺍﻟﺯﺒﺎﺌﻥﻭﺍﻟﻤﺴﺘﺜﻤﺭﻴﻥ  ﻟﻠﻤﺸﺎﻜل ﺍﻟﺘﻲ ﺘﻌﻴﻕ  ﺴﻴﻘﺩﻡ ﺤﻠﻭﻻﹰ   ﺍﻟﻤﻘﺘﺭﺤﺔ ِﺍﻟﻤﺸﺎﺭﻴﻊﻭ
ﺇﻀﺎﻓﺔﹰ ﺇﻟﻰ ﺫﻟﻙ، ﻴﺴﺎﻋﺩ ﻨﻅﺎﻡ ﺍﻟﻤﻌﻠﻭﻤﺎﺕ ﺍﻟﺠﻐﺭﺍﻓﻴﺔ . ﻟﻴﻑ ﺃﻗل ﺠﺩﻭﻯ ﻭﺒﺘﻜﺎ  ِ ﺒﺩﺭﺍﺴﺔ ﻹﻗﺎﻤﺔ ﺍﻟﻤﺸﺎﺭﻴﻊ 
  .ﺍﻟﻤﺴﺘﻘﺒﻠﻴِﺔ ﺍﻟﻼﺯﻤﺔ ﻟﻼﺤﺘﻴﺎﺠﺎﺕ ﺍﻟﺨﻁﻁﻋﻠﻰ ﻭﻀﻊ 
ﻤﻭﻀـﺤﺎﹰ ﻜﻴـﻑ ﻋﻠﻰ ﺘﻘﻨﻴِﺔ ﻨﻅﺎﻡ ﺍﻟﻤﻌﻠﻭﻤﺎﺕ ﺍﻟﺠﻐﺭﺍﻓﻴِﺔ ﺭﻗﻤﻲ ﻤﺒﻨﻲ  ﺝ ﻨﻤﻭﺫ ﻫﻭ ِ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﻤﺤﻭﺭ
ﺇﻥ ﺍﻟﺒـﺭﺍﻤﺞ . ﺘﻁﻠﺒـﺎِﺕ ﺍﻟﺯﺒـﺎﺌﻥ ِ ﺍﻟﻨﺘﻴﺠﺔﹶ ﺍﻟﻨﻬﺎﺌﻴﺔﹶ ﻁﺒﻘﺎﹰ ﻟﻤﻭ ﺘﻘﺩﻴﻡ ﻠﺘﺤﻠﻴِل ﻟﻤﻜﺎﻨﻲ ﺍﻟﺘﺤﻠﻴل ﺘﺴﺘﻌﻤل  ﺍﻟ 
 ﻭﺍﻟﺘﺤﻭﻴـل، ﺍﻟﺫﻱ ﺘﻡ ﺍﺴﺘﺨﺩﺍﻤﻪ ﻓﻲ ﻋﻤﻠﻴﺔ ﺍﻟﺘﺭﻗﻴﻡ ﻭﺍﻟﺘﺼﺤﻴﺢ  2002DACotuA :ﻫﻲ  ﺍﻟﻤﺴﺘﺨﺩﻤﺔﹶ
 a2.3 SIG weiVcrA ﻭﺍﻟﻌﻼﻗـﺎﺕ ﺍﻟﻬﻨﺩﺴـﻴﺔ   ﺍﻟﺫﻱ ﺘﻡ ﺍﺴﺘﺨﺩﺍﻤﻪ ﻹﻨﺸﺎﺀofnIcrA   ﻭﺒﺭﻨﺎﻤﺞ
  .ﺍﻟﺘﺤﻠﻴل ﺍﻟﻤﻜﺎﻨﻲ ﻭﻹﺠﺭﺍﺀ ﺍﻟﺒﻴﺎﻨﺎﺕ ﻗﺎﻋﺩﺓ  ﻟﺘﻜﻭﻴﻥ
 ﻓـﻲ ﺍﻟﻔـﺼل 1.1 ﺃﻨﻅﺭ ﺍﻟـﺸﻜل )ﻤﻨﻁﻘﺔ ﺤﻀﺭﻴﺔ : ﻟﻠﺩﺭﺍﺴﺔ ﺎﻥ ﻤﻨﻁﻘﺘ ﻡ ﺍﺨﺘﻴﺎﺭ  ﺍﻟﻨﻤﻭﺫﺝ، ﺘ ﻓﻲ ﻫﺫﺍ 
ﺍﻟﺘـﻲ   ﺍﻟﻁﺒﻭﻏﺭﺍﻓﻴـﺔ ﺨﺭﺍﺌِﻁ ﻤﻥ ﺍﻟ (  ﻓﻲ ﺍﻟﻔﺼل ﺍﻷﻭل ِ2.1 ﺍﻨﻅﺭ ﺍﻟﺸﻜل )ﻭ ﻤﻨﻁﻘﺔ ﺭﻴﻔﻴﺔ ( ﺍﻷﻭِل
 ﻤﻨﻁﻘـﺔﹶ ﺍﻟﺤـﻀﺭﻴﺔ  ﺍﻟﻤﻨﻁﻘﺔ ﺘﺘﻀﻤﻥ . 000001/1ﺃﻨﺘﺠﺘﻬﺎ ﺍﻟﻬﻴﺌﺔ ﺍﻟﻘﻭﻤﻴﺔ ﻟﻠﻤﺴﺎﺤﺔ ﺒﻤﻘﻴﺎﺱ ﺭﺴﻡ 
. (ﺒﺤـﺭﻱ  )، ﻤﺤﺎﻓﻅﺔ ﺍﻟﺨﺭﻁﻭﻡ ﻭﻤﺤﺎﻓﻅﺔ ﺍﻟﺨﺭﻁﻭﻡ ﺍﻟﺸﻤﺎﻟﻴﺔ ﺍﻟﻌﻅﻤﻰﻭﻡ  ِﻤﻥ ﺨﺭﻴﻁِﺔ ﺍﻟﺨﺭﻁ ﻭﺍﺴﻌﺔ
ﺠﺒل ﺃﻭﻟﻴﺎﺀ  ﺍﻟﻤﻨﻁﻘﺔ ﺍﻟﺭﻴﻔﻴﺔ ﺍﻟﻌﺩﻴﺩ ِﻤﻥ ﻗﹸﺭﻯ ﻤﺤﺎﻓﻅِﺔ ﺘﺘﻀﻤﻥ. 2ﻜﻴﻠﻭﻤﺘﺭ( 463.5131)ﻭﻤﺴﺎﺤﺘﻬﺎ 
ﻜـﻼﺭﻙ ﺍﻟﻨﻅﺎﻡ ﺍﻟﻤﺭﺠﻌﻲ ﺍﻟﻌﺎﻟﻤﻲ ﻟﻤﻨﻁﻘﺘﻲ ﺍﻟﺩﺭﺍﺴـﺔ ﻫـﻭ   ، 2ﻜﻴﻠﻭﻤﺘﺭ( 225.3541 )ﻭﻤﺴﺎﺤﺘﻬﺎ
  .nadnidA ﻭﺍﻟﻨﻅﺎﻡ ﺍﻟﻤﺭﺠﻌﻲ ﺍﻟﻤﺤﻠﻲ ، 63  ﺍﻟﻨﻁﺎﻕ ﻓﻲ ،MTU() ﻭﻨﻅﺎﻡ ﺍﻹﺴﻘﺎﻁ ، 0881
ﺍﻟﺒﻴﺎﻨﺎﺕ ﻤﻥ ﺒﻴﺎﻨﺎﺕ ﺘﹶﺤﻭﻴل ﺇﻗﺘﻀﻰ ﺍﻟﻘﻴﺎﻡ ﺒﻌﻤﻠﻴﺔ ﻤﺴﺢ ﻀﻭﺌﻲ، ﻟﻨﻤﻭﺫِﺝ ﺍ ﺒﻴﺎﻨﺎﺕ ﻟﻬﺫﺍ  ﺇﻥ ﺇﻨﺸﺎﺀ ﻗﺎﻋﺩﺓ 
ﺍﻷﺭﻀِﻲ ﺍﻟﻨﻅﺎﻡ  ﺇﻟﻰ ِ)ﺃﻱ ﺍﻟﻜﻤﺒﻴﻭﺘﺭ )ﻨﻅﺎﻡ ﺍﻵﻟﺔ ِﻤﻥ ﺍﻹﺤﺩﺍﺜﻴﺎﺕ ، ﺘﺤﻭﻴل ﻤﺴﺎﺤﻴﺔ ﺇﻟﻲ ﺒﻴﺎﻨﺎﺕ ﻤﻭﺠﻬﺔ 
ﻟﻘﺩ ﺘﻡ ﺇﺩﺨﺎل ﺍﻟﺒﻴﺎﻨﺎﺕ ﺍﻟﻭﺼﻔﻴﺔ ﻋـﻥ ﻁﺭﻴـﻕ ﻟﻭﺤـﺔ . SIGﺒﺭﺍﻤِﺞ ﺒﺎﺴﺘﺨﺩﺍﻡ ﻤﻌﺎﻟﹶﺠﺔ ﺍﻟ  ﻭﺒﻌﺩ ﺫﻟﻙ 
  .ﺍﻟﻤﻔﺎﺘﻴﺢ
ﺒـﻴﻥ ﺍﺴﺘﺨﺩﻤﺕ ﻻﺨﺘﻴﺎﺭ ﺍﻟﻤﻭﻗﻊ ﺍﻟﻤﺜﺎﻟﻲ ﻫﻲ ﻁﺭﻴﻘﺔ ﺍﻟﺘﻘﺎﻁﻊ ﻁﺭﻴﻘﺔ ﺍﻟﺘﺤﻠﻴِل ﺍﻟﺘﻲ ﺇﻥ ﻓﻲ ﻫﺫﺍ ﺍﻟﺒﺤِﺙ، 
ﻫﺫﻩ ﺍﻟﻁﺭﻴﻘﺔ ﺘﺸﺒﻪ ﻁﺭﻴﻘﺔ ﺍﻟﺘﻘﺎﻁﻊ .  ﻭﻫﻲ ﺇﺤﺩﻯ ﻁﺭﻕ ﺍﻟﺘﺤﻠﻴل ﺍﻟﻤﻜﺎﻨﻲ ﺍﻟﻤﺸﺘﺭﻜﺔ ﺍﻟﺨﺼﺎﺌﺹ ِﺍﻟﻤﻭﺍﻗِﻊ 
ﻘﺭﺍِﺭ ﻓﺭﺼـﺔ ﺠﻴـﺩﺓ ﺍﻟ ﺘﻭﻓﺭ ﻟﺼﺎﻨﻌﻲ ﻫﺫﻩ ﺍﻟﻁﺭﻴﻘِﺔ . ﻨﻅﺭﻴﺔ ﺍﻟﻤﺠﻤﻭﻋﺎﺕ ﻓﻲ ﻋﻠﻡ ﺍﻟﺠﺒﺭ ﺍﻟﺨﻁﻲ ﻓﻲ 
 ﻴﻌﺘﺒﺭ ﻜﻤﺜﺎل ﻟﺘـﺼﻤﻴﻡ ِﻫﺫﺍ ﺍﻟﻤﺸﺭﻭِﻉ . ﻻﺘﺨﺎﺫ ﺍﻟﻘﺭﺍﺭ ﺍﻟﺴﻠﻴﻡ ﻤﻌﺘﻤﺩﺍﹶ ﻋﻠﻰ ﺍﻟﻁﺒﻘﺎﺕ ﺍﻟﻤﺘﻜﺎﻤﻠﺔ ﻟﻠﺒﻴﺎﻨﺎﺕ 
  .ﻗِﻊﺍﻤﻭﺍﻟﻟﻤﺴﺎﻋﺩﺓ ﺍﻟﻌﻤﻼﺀ ﺒﺨﺼﻭﺹ ﺍﺨﺘﻴﺎﺭ ﺃﻤﺜل   ﻭﺍﻟﺘﺤﻠﻴل ﻹﺨﺘﻴﺎﺭ ﺃﻨﺴﺏ ﺍﻟﻤﻭﺍﻗﻊ ﻗﺎﻋﺩﺓﹶ ﺍﻟﺒﻴﺎﻨﺎﺕ
 
Abstract 
     The application of geographic information system (GIS) in optimum 
site selection for investment projects, and proposed projects will give 
solutions to most of the problems hindering the investment and 
customers regarding the selection of optimum sites for projects in 
accordance with feasibility studies and minimum costs. Moreover, GIS  
helps in setting plans for future needs. 
     The core of this study is a computerized model based on the 
technology of geographic information system showing how to use a 
spatial analysis to analyze and introduce the final result according to 
the project requirements. The types of software used were AutoCAD 
version 2002 for vectorization; editing and transformation; ArcInfo for 
Topology and retopology; and ArcView GIS 3.2a for adding attribute 
database and performing the spatial analysis. 
In this model, two study areas were selected: an urban area (see 
figure 1.1 in chapter one) and a rural area (see figure 1.2 in chapter 
one) from two topographic maps provided by Sudan Survey department 
at a scale of 1/100000. The urban area includes an extensive area of 
greater Khartoum map, Khartoum province and Khartoum north 
province (Bahri). The urban study area equals (1315.364) km2. The 
rural area includes many villages of Jabel Awlia province. This area 
equals (1453.522)km2. Reference spheroid for the coordinates of the 
two study areas is Clarke 1880, Universal Transverse Mercator (UTM) 
Projection. Grid zone is 36, and Adindan Datum.  
Constructing the database for the model requires scanning from a 
hard copy, transferring from raster  to vector data, coordinates 
transformation from machine coordinates to ground coordinates and 
then manipulating the database using a GIS software. The attributes 
were entered using the key board. 
  In this research, the method of analysis used to select the ideal site 
is the intersection method between locations having common properties 
which is one of the common spatial analysis methods. This method is  
like the  intersection method of Sets theory in linear algebra. it offers 
the decision-makers a good chance to take the right decision based on 
the integration of data layers. This project represents a sample project 
of the bases of  which the database design and analysis can be 
accomplished in order to help the customers concerned with the 
selection of optimum site.  
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CHAPTER ONE  
Introduction     
     Sudan is a very large country. Its area is, 
approximately, ,one million square miles. Thus, Sudan 
represents a suitable environment for various studies 
in order to solve different problems that represent 
obstacles for development.   
1.1 Objectives of the research  
  The main objectives of this study are to investigate 
the application of GIS analysis techniques for optimum 
site selection of the proposed future projects based on 
the integration of different data layers. Computerized 
database systems of two sample study areas were 
produced (an urban and a rural area) using the 
technology of geographic information systems. In 
order to build such a database, a lot of information 
about the system components are usually required. 
The technology of GIS was used to select the optimum 
sites, which satisfy particular project requirements so 
as to help the investors find the optimum sites that 
meet their needs by decreasing the total cost and time 
of the project. The optimum site selection was based 
on the integration of the different data layers of the 
project area.  
1.2 Methodology 
   In this research, the site selection 
method, which was used, is one of the 
common analysis methods.  The ideal site 
is selected by the intersection method 
between same locations. This method is 
like the intersection method of Sets 
theory in linear algebra. it offers 
decision- makers a good chance to take 
the right decision based on the 
integration of the different data layers. 
This method uses the grid format of 
buffer zone (by ArcView/ArcInfo). The 
grid format is a proprietary ESRI format 
that supports 32-bit integer and 32-bit 
floating-point raster grids. Grids are 
especially suited to representing geographic 
phenomena that vary continuously over space, and for 
performing spatial modeling and analysis of 
flows, trends, and surfaces such as 
hydrology. For example by using  
ArcView's Spatial Analyst Extension one 
can convert themes based on vector 
features to grids. One can also derive 
grids from various spatial analysis 
operations. Grids can be added to views 
as grid themes. You can classify the grid 
cells in various ways and choose 
different colors for each class. 
Alternatively, if you don't use the Spatial 
Analyst Extension, you can add a grid to 
a view as a single band image. (ArcView 
does not require grids to use a specific 
file extension as it does for other image 
files.) The default color map for a grid is 
initialized from a color map if one is 
found on disk. Given a grid named soils, 
ArcView looks for a color map file named 
soils.clr. ARC/INFO’s IMAGEGRID 
command or a text editor can create the 
color map file. The color map file is an 
ASCII file that has lines of 4 numbers 
separated by spaces. Each line defines a 
color for a certain value in the grid. The 
first number on a line is the value, the 
second is the amount of red, the third is 
the amount of green, and the last is the 
amount of blue. The combination of the 
amounts of red, green, and blue define 
the color to be used for that value in the 
grid. Below you will find an example of a 
color map file. This method generates a 
reduced-resolution copy of a Grid by 
multiplying the cell size by a Cell Factor. 
The output value of the new cells is 
calculated using a GridStaTypeEnum with 
the cells in a Grid contained within each 
output cell. If no Expand is TRUE, then 
the output Grids extent is smaller on the 
right and bottom if the number of rows 
or columns is not divisible by a Cell 
Factor. If no Expand is FALSE, then the 
output Grid's extent is larger on the right 
and bottom if the number of rows and 
columns is not divisible by a Cell Factor. 
If no data is true, then an output cell is 
set to No Data if any of the cells used to 
calculate the new value have the value of 
No Data. If no data is false, then only the 
cells with values are used to calculate 
the new value for the output cell. Only 
the following GridStaTypeEnum types are 
valid with this request.  
 
 
1.3   Study area 
    In this research two study areas are 
selected: an urban area (figure 1.1) and 
a rural area (figure 1.2) from two 
topographic maps provided by Sudan 
Survey department at a scale of 
1/100000. The urban area includes an a 
large  area of greater Khartoum map, 
Khartoum local area and Khartoum north 
local area. The urban study area equals 
(1315.364) km2. The following four 
points whose coordinates are shown in 
Table No. (1.1) represent the corners of 
the urban study area: 
Table No. (1.1) corners of the urban 
study area       
Point Easting (m) Northing (m) 
Top left 
corner 
446284.9621 1768923.0767 
Top right 
corner 
470000 1768923.0767 
Bottom left 
corner 
446284.9621 1713457.6755 
Bottom 
right 
corner 
470000 1713457.6755 
 
The rural area includes many villages of 
Jabel Awlia province. This area equals 
(1453.522)km2 .The following four points 
whose coordinates are shown in Table 
No. (1.2) represent the corners of the 
rural study area: 
Table No. (1.2) corners of the rural study 
area  
Point Easting (m) Northing (m) 
Top left 
corner 
420000 1713562.8212 
Top right 
corner 
446323.5251 1713562.8212 
Bottom left 
corner 
420000 1658345.2180 
Bottom 
right 
corner 
446323.5251 1658345.2180 
 The reference spheroid for these 
coordinates is Clark 1880, Universal 
Transverse Mercator (UTM) Projection. 
The grid zone is 36, and Adindan Datum.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
1.4 Thesis layout  
      The work carried out in this research 
is presented in nine Chapters, in addition 
to the“appendices”. Introduction of the 
research which includes description of 
the study areas, objectives of the 
research, methodology and thesis layout 
are fully discussed in Chapter one.  A 
detailed literature review of geographic 
information systems which includes but 
not limited to GIS definition, 
fundamentals of source GIS, application, 
producers etc, is given in Chapter two, 
this is followed by Chapter three in which 
a detailed discussion of the geographical 
database which includes data capture, 
data modeling, data structures, data 
gathering, data input and data output. 
The science of site selection and the 
requirements of site selection of 
suggested projects are highlighted in 
Chapter four. The project data containing 
information of base maps, sources of 
data and processing of project data are 
discussed in chapter five; This is followed 
by Chapter six in which GIS analysis 
methods and types of analysis softwares 
are highlighted. The project data 
preparation which  includes the 
topological structure of the project data, 
project data editing and spatial analysis 
are discussed in Chapter seven. The 
discussion of the practical work carried 
out in the project is presented in Chapter 
eight .Finally the conclusions and 
recommendations of the research are 
presented in Chapter nine.  
 
 
 
 
 
 
 
CHAPTER TWO 
 
Geographic  Information Systems(GIS) 
 
2.1 General  
 
A GIS is a system of hardware and software used for 
storage, retrieval, mapping, and analysis of geographic data. 
Practitioners also regard the total GIS as including the 
operating personnel and the data that go into the system. 
Spatial features are stored in a coordinate system 
(latitude/longitude, state plane, UTM, etc.), which references a 
particular place on the earth. Descriptive attributes in tabular 
form are associated with spatial features. Spatial data and 
associated attributes in the same coordinate system can then 
be layered together for mapping and analysis. GIS can be used 
for scientific investigations, resource management, and 
development planning. 
    A GIS differs from Computer Adid Design(CAD) and other 
graphical computer applications in that all spatial data is 
geographically referenced to a map projection in an earth 
coordinate system. For the most part, spatial data can be "re-
projected" from one coordinate system into another, thus data 
from various sources can be brought together into a common 
database and integrated using GIS software. Boundaries of 
spatial features should "register" or align properly when re-
projected into the same coordinate system. Another property 
of a GIS database is that it has "topology," which defines the 
spatial relationships between features. The fundamental 
components of spatial data in a GIS are points, lines (arcs), 
and polygons. When topological relationships exist, you can 
perform analyses, such as modeling the flow through 
connecting lines in a network, combining adjacent polygons 
that have similar characteristics, and overlaying geographic 
features. 
Geographic information systems (GIS) technology can be 
used for scientific investigations, resource management, and 
development planning. For example, a GIS might allow 
emergency planners to easily calculate emergency response 
times in the event of a natural disaster, or a GIS might be used to find 
wetlands that need protection from pollution. 
 
 
2.2 What is a GIS  
 
     In the strictest sense, a GIS is a computer system capable of 
assembling,storing,manipulating,and displaying geographically 
referenced information, i.e. data identified according to their locations. 
Practitioners also regard the total GIS as including operating personnel 
and the data that go into the system.  
( net.gisdevelopment.www://http) tutorials //  
 
   
2.3 Fundamentals of Sourse GIS  
 
  The fundamentals of source GIS include mapping  concepts, 
features, and map characteristics. 
     
 2.3.1 Mapping Concepts, Features and Properties 
  
A map represents geographic features or other spatial 
phenomena by graphically conveying information about 
locations and attributes. Locational information describes the 
position of particular geographic features on the Earth's 
surface, as well as the spatial relationship between features, 
such as the shortest path from a fire station to a library, the 
proximity of competing businesses,and so on. Attribute 
information describes characteristics of the geographic 
features represented, such as the feature type, its name or 
number and quantitative information such as its area or 
length. Thus the basic objective of mapping is to provide 
descriptions of geographic phenomenon, spatial and non 
spatial information, and map features like Point, Line and 
Polygon. 
 
2.3.1.1 Map Features  
     Locational  information is usually represented by points 
for features such as wells and telephone pole locations, lines 
for features such as streams, pipelines and contour lines 
and areas for features such  as lakes, counties and census 
tracts. 
 
 
 
 
 
2.3.1.2 Point feature  
 
     A point feature is represented as a single location. It 
defines a map object too small to show as a line or area 
feature. A special symbol of label usually depicts a point 
location. 
 
2.3.1.3 Line feature                                                                                
  
    A line feature is a set of connected, ordered coordinates 
representing the linear shape of a map object that may be 
too narrow to display as an area such as a road or feature 
with no width such as a contour line. 
 
2.3.1.4 Area feature                                                                                 
              
An area feature is a closed figure whose boundary 
encloses a homogeneous area, such as a state, country ,soil 
type, or lake. 
                                                                                                          
2.3.2 Map Characteristics 
     
In addition to  feature locations and their attributes, the 
other technical characteristics that define maps and their 
use include: 
(a)Map Scale.   
(c)Map Accuracy.  
(b)Map Extent and.  
(d)Data Base Extent. 
  
2.3.2.1 Scale 
 
     To show a portion of the Earth's surface on a map, the 
scale must be sufficiently adjusted to cover the objective. 
Map scale or the extent of reduction is expressed as a ratio. 
The unit on the left indicates distance on the map and the 
number on the right indicates distance on the ground. The 
following  three statements show  the same scale:- 
1 inch = 2.000 feet => 1 inch = 24.000 inches => 1:24 
The latter is known as a representative fraction (RF) because the 
amounts on either side of the colon are equivalent: that is 1:24.000 
means 1 inch equals 24.000 inches or 1 foot equals 24.000 feet or 1 
meter equals 24.000 meters and so on. Map scale indicates how much 
the given area has been reduced. For the same size map, features on 
a small-scale map (1:1,000,0000) will be smaller than those on a 
large-scale    map (1:1,200). 
A map with less detail is said to be of a smaller scale than one with 
more detail. Cartographers often divide scales into three different 
categories. 
Small-scale maps have scales smaller than 1 : 1,000,000 and are used 
for maps of wide areas where not much detail is  required.  
Medium-scale maps have scales between 1 : 75,000 and           1 : 
1,000,000. 
Large-scale maps have scales larger than 1 : 75,000. They are used in 
applications where detailed map features are required. 
So each scale represents a different tradeoff. With a small-scale map, 
you'll be able to show a large area without much detail. On a large-
scale map, you'll be able to show a lot of detail but not for a large 
area. The small-scale map can show a large area because it reduces 
the area so much that the large-scale map can only show a portion of 
one street, but in such detail that you can see shapes of the houses.To 
convert this statement to a  representative fraction, the units of 
measure on both sides being compared must be the same. For this 
example, both measurements will be in meters.                                                                    
            
 2.3.2.1.1 Scale in Digital Maps 
                                                    
With digital maps, the traditional concept of scale in terms of 
distance does not apply because digital maps do not remain fixed in 
size. They can be displayed or plotted at any possible magnification. 
Yet we still speak of the scale of a digital map.    In digital mapping, 
the term scale is used to indicate the scale of the materials from which 
the map was made. For example, if a digital map is said to have a 
scale of 1:100,000, it was made from 1:100,000-scale paper map. 
However, a digital map's scale still allows you to make some educated 
guesses about its contents because, generally, digital maps retain the 
same accuracy and characteristics as their source maps. So it is still 
true that a large-scale digital map will usually be more accurate and 
less general than a small-scale digital map because the display size of 
a computer-based map is not fixed, users are often tempted to blow 
up maps to very large sizes. For example, a 1:100,000-scale map can 
easily be plotted at a size of 1:24,000 or even 1:2,000-but it usually 
is’nt a good idea to do so.  It encourages the user to make 
measurements that the underlying data does not support. You 
cannot measure positions to the nearest centimeter if your 
map is only accurate to the nearest kilometer. You will end up 
looking for information that does not exist.                                                        
2.3.2.2 Map Resolution 
 
Resolution refers to how accurately the location and shape of map 
features can be depicted for a given map scale. Scale affects 
resolution. In a larger-scale map, the resolution of features more 
closely matches real-world features because the extent of reduction 
from ground to map is less. As map scale decrease, the map resolution 
diminishes because features must be smoothed and simplified, or not 
shown at all. 
 
2.3.2.3  Map Accuracy 
 
Many factors besides resolution, influence how accurately features 
can be depicted, including the quality of source data, the map scale, 
your drafting skill and the width of lines drawn on the ground. A fine 
drafting pen will draw line's 1/100 of an centimeter  wide. Such a line 
represents a corridor on the ground, which is almost 16.15 meter wide 
In addition to this, human drafting errors will occur and can be 
compounded by the quality of your source maps and materials. A map 
accurate for one purpose is often inaccurate for others since accuracy 
is determined by the needs of the project as much as it is by the map 
itself. Some measures of a map accuracy are discussed below:  
(a) Absolute accuracy of a map refers to the relationship       
between a geographic position on a map (a street 
corner, for instance) and its real-world position 
measured on the surface of the earth. Absolute 
accuracy is primarily important for complex data 
requirements such as those for surveying and 
engineering-based applications.  
(b) Relative accuracy refers to the displacement between 
two points on a map (both distance and angle), 
compared to the displacement of those same points 
in the real world. Relative accuracy is often more 
important and easier to obtain than absolute 
accuracy because users rarely need to know absolute 
positions. More often, they need to find a position 
relative to other known landmarks, which is what 
relative accuracy provides. Users with simple data 
requirements generally need only relative accuracy.  
(c) Attribute accuracy refers to the precision of the attribute database linked to the 
map features. For example, if the map shows road classifications, are they 
correct? If it shows street addresses, how accurate are they? Attribute accuracy 
is most important to users with complex data requirements.  
(d) A map's Currency refers to how up-to-date it is. 
Currency is usually expressed in terms of a revision 
date, but this information is not always easy to find.  
(e) A map is Complete if it includes all features that a 
user would expect it to contain. For example, does a 
street map contain all the streets? Completeness and 
accuracy are usually related because a map becomes 
less complete as it gets older.  
The most important issue to remember about map accuracy is that 
the more accurate the map, the more it to developin terms of mony 
and time. For example, digital maps with coordinate accuracy of about 
100 feet can be purchased inexpensively. If 1-foot accuracy is 
required, a custom survey is often the only way to get it, which drives 
up data-acquisition costs by many orders of magnitude and can 
significantly delay project implementation - by months or even years. 
Therefore, too high accuracy can be as detrimental to the 
success of a GIS project as too little. Rather than focusing on 
the project benefits, a sponsoring organization may focus on 
the costs that result from a level of accuracy not justified for 
the project. Project support inevitably erodes when its original 
objectives are forgotten in a flurry of cost  analyses. 
A far better strategy is to start the project with whatever 
data is readily available and sufficient to support initial 
objectives. Once the GIS is up and running, producing useful 
results, project scope can be expanded. The quality of its data 
can be improved as required. 
Even though no maps are entirely accurate, they are still 
useful for decision-making and analysis. However, it is 
important to consider map accuracy to ensure that your data is 
not used inappropriately. 
 
2.3.2.4 Map Extent 
 
The area extent of a map is the area on the Earth's surface 
represented on the map. It is the limit of the area covered, usually 
defined by rectangles just large enough to include all mapped features. 
The size of the study area depends on the map scale. The smaller the 
scale the larger the area covered. 
 
2.3.2.5 Database Extent 
 
A critical first step in building a geographic database is 
defining its extent. The area extent of a database is the limit of 
the area of interest for your GIS project.  This usually includes 
the areas directly affected by your organization's 
responsibility(such as assigned administrative units) as well as 
surrounding areas that either influence or are influenced by 
relevant activities in the administrative area. 
 
2.3.2.6 Data Automation 
 
        Map features are logically organized into a set of layers or themes 
of information. A base map can be organized into layers such as 
streams, soils, wells or boundaries. Map data, regardless of how a 
spatial database will be applied, is collected, automated and updated 
as a series of adjacent map sheets or aerial photograph. Here each 
sheet is mounted on the digitizer and digitized, one sheet at a time. In 
order to be able to combine these smaller sheets into larger units or 
study areas, the co-ordinates of coverages must be transformed into a 
single common co-ordinate system. Once in a common co-ordinate 
system, attributes are associated with features. Then as needed map 
sheets for layer are edge matched and joined into a single coverage 
for the study area. 
The digital map is capable of storing much more information than a 
paper map of the same area, but it's generally not clear at first glance 
just what sort of information the map includes. For example, more 
information is usually available in a digital map than what you see on-
screen. And evaluating a given data set simply by looking at the 
screen can be difficult: What part of the image is contained in the data 
and what part is created by the GIS program's interpretation of the 
data? You must understand the types of data in your map so you can 
use it appropriately. 
Three general types of information can be included in digital maps: 
(a) Geographic information, which provides the position 
and shapes of specific geographic features.  
(b) Attribute information, which provides additional 
non-graphic information about each feature.  
(c) Display information, which describes how the 
features will appear on the screen.  
Some digital maps do not contain all three types of 
information. For example, raster maps usually do not include 
attribute information, and many vector data sources do not 
include display information. 
 
2.4 Geographic information 
 
    The geographic information in a digital map provides the 
position and shape of each map feature. For example, a road 
map's geographic information is the location of each road on 
the map. 
In a vector map, a feature's position is normally expressed as sets of X, Y pairs or X, Y, Z triples, using the coordinate system 
defined for the map (see the discussion of coordinate systems, below). Most vector geographic information systems support three 
fundamental geometric objects: 
(a) Point: A single pair of coordinates.  
(b) Line: Two or more points in a specific sequence.  
(d) Polygon: An area enclosed by lines  
Some systems also support more complex entities, such as 
regions, circles, ellipses, arcs, and curves. 
                      
2.5  Attribute Information 
 
Attribute data describes specific map features but is not 
inherently graphic. For example, an attribute associated with 
a road might be its name or the date it was last paved. 
Attributes are often stored in database files kept separately 
from the graphic portion of the map. Attributes pertain only 
to vector maps; they are seldom associated with  raster 
images.                     
GIS software packages maintain internal links tying each 
graphical map entity to its attribute information. The nature 
of these links varies widely across systems. In some, the 
link is implicit, and the user has no control over it. Other 
systems have explicit links that the user can modify. Links in 
these systems take the form of database keys. Each map 
feature has a key value stored with it; the key identifies the 
specific database record that contains the feature's attribute 
information. 
 
2.6 Display Information 
                                                              
    The display information in a digital-map data set 
describes how the map is to be displayed or plotted. 
Common display information includes feature colors, line 
widths and line types (solid, dashed, dotted, single, or 
double); how the names of roads and other features are 
shown on the map; and whether or not lakes, parks, or 
other area features are color-coded. However, many users 
do not consider the quality of display information when they 
evaluate a data set. Yet map display strongly affects the 
information you and your audience can obtain from the map 
- no matter how simple or complex the project. A technically 
flaw less, but unattractive or hard-to-read map will not 
achieve the goal of conveying information easily to the user.  
               
2.7 Cartographic Appeal 
 
Clearly, how a map looks - especially if it is being used in a 
presentation - determines its effectiveness. Appropriate color 
choices, line types, and so on add the professional look you 
want and make the map easier to interpret. Since display 
information often is not included in the source data set or is 
filtered out by a conversion software, you may need to add it 
yourself or purchase the map from a vendor who does it for 
you. Map display information should convey the meaning of its 
underlying attribute data. Various enhancements will increase 
a map usefulness and cartographic appeal.  
(a) Feature Colors and Linetypes. 
 Colors and line representations should be chosen to make 
the map's meaning clear. For example, using double-line 
roads can be quite helpful. Many GIS data sets only include 
road centerline information. Actual road width is not given. So 
maps with centerlines only can look like spider webs, which is 
visually unappealing. Some software and conversion systems 
can draw roads as double lines, with distance between lines 
varying according to road type. Centerlines can be included, if 
necessary. Double-line maps are appropriate for detailed 
studies of small areas, such as subdivisions, or maps where 
right-of-way information is important.  
(b) Naming Roads. 
 Naming, or labeling, roads are important for proper map 
interpretation. This information should be legible, positioned in 
the center of the road or offset from the center, and drawn at 
intervals suited to the scale of the final map or its purpose.  
(c) Landmark Symbols. 
 A good set of symbols should be used to indicate 
landmarks, such as hospitals, schools, mosques, and 
cemeteries. The symbols should be sized appropriately in 
relation to map scale.  
  
(d) Polygon Fills.  
     Polygon features, such as lakes or parks, should be filled   
with an appropriate color or hatch pattern.  
(e) Zoom Layer Control.  
     If the GIS software platform permits, map layers should 
be set up so that detailed, high-density information only 
appears when the user zooms in for a close-up of part of 
the map. For example, when a large area is displayed, only 
the major roads should appear; for a smaller area, both 
major and minor roads should appear. 
  
2.8 Layering 
 
Most GIS softwares have a systems of layers, which can 
be used to divide a large map into manageable pieces. For 
example, all roads could be on one layer and all 
hydrographic features on another. Major layers can be 
further classified into sub-layers, such as different types of 
roads - highways, city streets, and so on. Layer names are 
particularly important in CAD-based mapping and GIS 
programs, which have excellent tools for handling them. 
Some digital maps are layered according to the numeric 
feature-classification codes found in their source data sets. 
For example, a major road might be on the 170-201 layer. 
However, this type of system is not very useful. A well-
thought-out layering scheme can make any data set much 
easier to use because it allows the user to control the 
features with which you want to work. A good layering 
standard has layer names that are mnemonic (suggest their 
meanings) and hierarchical (have a structured classification 
scheme that makes it easy to choose general or specific 
classes).  For example, a map could have its roads on a 
layer called RD, its railroads on a layer called RR, its road 
bridges on a layer called RD-BRIDGE, and its railroad 
bridges on a layer called RR-BRIDGE. This scheme is 
mnemonic because it is easy to tell a layer contents from its 
name, and it's hierarchical because the user can easily select 
all the roads, railroads, bridges, road bridges, or railroad 
bridges. 
 
 
2.9 Maps and Map Analysis 
   Maps and map analysis can be broadly classified into two 
groups automated mapping and types of maps  
 
2.9.1 Automated Mapping  
 
Computer Aided Mapping has its limitations. The main 
goals of GIS is not only to prepare a good map but also 
perform map analysis. Maps are the main source of data for 
GIS. GIS, though an accurate mapping tool, requires error 
management. MAP is a representation on a medium of a 
selected material or abstract material in relation to the surface 
of the earth (defined by Cartographic association). Maps 
originated from mathematics. The term Map is often used in 
mathematics to convey the motion of transferring the 
information from one form to another just as Cartographers 
transfer information from the surface of the earth to a sheet of 
paper. Map is used in a loose fashion to refer to any manual 
display of information particularly if it is abstract, generalized 
or schematic. The Processes involved in the production of Maps 
are: 
a. Selection of few features of the real world.  
b. Classification of selected features into groups. 
Classification depends upon the purpose of the base 
map.  
c. Simplification of jaggered lines .e.g. the coastlines.  
d. Exaggeration of features.  
e. Symbolisation to represent different classes 
of features. 
  
2.9.2 Types of Maps  
 
Maps can be broadly classified into two main or broad 
groups:  
1. Topographical maps.  
2. Thematic maps. 
 
2.9.2.1 Topographical Maps 
 
        A topographic map is a reference map showing the outlines 
of selected man-made and natural features of the earth. It often 
acts as a frame for other features Topography refers to the 
shape of surface represented by contours or shading. It also 
shows lands, railway and other prominent features. 
 
2.9.2.2 Thematic maps  
 
Thematic maps are an important source of GIS information. 
These are tools to communicate geographical concepts such as 
Density of population, Climate, movement of goods and people, 
land use etc.  
                              
2.10 How GIS works  
  
    A GIS stores information about the world as a collection of 
thematic layers that can be linked together by geography. This 
simple but an extremely powerful and versatile concept has 
proven invaluable for solving many real-world problems from 
tracking delivery vehicles, to recording details of planning 
applications, to modeling global atmospheric circulation. 
  
2.10.1 Geographic References  
  
    Geographic information contains either an explicit geographic 
reference, such as a latitude and longitude or national grid 
coordinate, or an implicit reference such as an address, postal 
code, census tract name, forest stand identifier, or road name. An 
automated process, called geocoding, is used to create explicit 
geographic references (multiple locations) from implicit references 
(descriptions such as addresses). These geographic references 
allow you to locate features, such as a business or forest stand, 
and events, such as an earthquake, on the earth’s surface, for 
analysis.  
 
2.10.2 Vector and Raster Models  
 
     Geographic information systems work with two 
fundamentally different types of geographic models - the 
"vector" model and the "raster" model. In the vector model, 
information about points, lines, and polygons is encoded and 
stored as a collection of x,y coordinates. A single x, y coordinate 
can describe the location of a point feature, such as a borehole. 
Linear features, such as roads and rivers, can be stored as a 
collection of point coordinates. Polygonal features, such as sales 
territories and river catchments, can be stored as a closed loop 
of coordinates. 
The vector model is extremely useful for describing discrete 
features, but less useful for describing continuously varying 
features such as soil type or accessibility costs for hospitals. The 
raster model has evolved to model such continuous features. A 
raster image comprises a collection of grid cells rather like a 
scanned map or picture. Both the vector and raster models for 
storing geographic data have unique advantages and 
disadvantages. Modern GISs are able to handle both models. 
  
2.11 Components of a GIS  
 
      A working GIS integrates five key components: hardware, 
software, data, people, and methods. 
 
2.11.1 Hardware 
 
     Hardware is the computer on which a GIS operates. Today, 
GIS software runs on a wide range of hardware types, from 
centralized computer servers to desktop computers used in 
stand-alone or networked configurations. 
 
2.11.2 Software  
 
    GIS software provides the functions and tools needed to store, 
analyze, and display geographic information. Key software components 
are:  
1. Tools for the input and manipulation of 
geographic information.  
2. A database management system (DBMS).  
3. Tools that support geographic query, analysis, and 
visualization.  
4. A graphical user interface (GUI) for easy access 
to tools. 
 
 
 
2.11.3 Data 
 
      Possibly the most important component of a GIS is the data. 
Geographic data and related tabular data can be collected in-
house or purchased from a commercial data provider. A GIS will 
integrate spatial data with other data resources and can even 
use a Data Base Management Systems  (DBMS), used by most 
organizations to organize and maintain their data, to manage 
spatial data. 
  
2.11.4 People    
 
      GIS technology is of limited value without the people who 
manage the system and develop plans for applying it to real-
world problems. GIS users range from technical specialists who 
design and maintain the system to those who use it to help 
them perform their everyday work. 
  
2.11.5 Methods  
 
      A successful GIS operates according to a well-designed plan 
and business rules, which are the models and operating 
practices unique to each organization. 
  
2.12 Application of GIS 
 
GIS has been applied for different purposes and in different 
fields. Typical examples of GIS applications may include name 
but a few: -  
  
2.12.1 GIS in agriculture 
      GIS is used in a variety of agricultural applications such as 
managing crop yields, monitoring crop rotation techniques, and 
projecting soil loss for individual farms or entire agricultural regions. 
 
  2.12.2 GIS in business 
    A GIS is a tool for managing business information of any 
kind according to where it's located. You can keep track of 
where customers are, site businesses, target marketing 
campaigns, optimize sales territories, and model retail 
spending patterns. A GIS gives you that extra advantage to 
make you and your company more competitive and 
successful.  
A GIS enables you to better understand and evaluate your data by 
creating graphic displays using information stored in your database. 
With a GIS, you can change the display of your geographic data by 
changing the symbols, colors, or values in the database tables. 
 
2.12.3 GIS in electric / gas utilities  
    Cities and utilities use GIS every day to help them map 
and inventory systems, track maintenance, monitor 
regulatory compliance, or model distribution analysis, 
transformer analysis, and load analysis. 
2.12.4 GIS in environment  
  The environmental applications for GIS are almost endless. 
GIS is used every day to help protect the environment. As 
an environmental professional, you can use GIS to produce 
maps, inventory species, measure environmental impact, or 
trace pollutants.  
2.12.5 GIS in forestry   
    Today, managing forests is becoming a more complex 
and demanding challenge. With GIS, foresters can easily see 
the forest as an ecosystem and manage it responsibly. 
Management, planning and optimizing extraction and 
replanting. 
2.12.6 GIS in geology 
    Geologists use GIS every day in a wide variety of applications. GIS 
can be used  to study geologic features, analyze soils and strata, 
assess seismic information, or create 3D displays of geographic 
features.                                                       
 
2.12.7 GIS in hydrology  
   You can use GIS to study drainage systems, assess 
ground water, and visualize watersheds, and in many other 
hydrologic at applications. 
 
 
 
 
2.12.8 GIS in land use planning 
   People use GIS to help visualize and plan the land use 
needs of cities, regions, or even national governments. 
  
2.12.9 GIS in local government  
    People in local governments use GIS every day to help 
them solve problems. Often the data collected and used by 
one agency or department can be used by another. 
  
2.12.10 GIS in mapping  
   Mapping is an essential function of a GIS. People in a 
variety of professions are using GIS to help others 
understand geographic data. You don't have to be a skilled 
cartographer to make maps with a GIS. 
  
2.12.11 GIS in the military 
   Military analysts and cartographers use GIS in a variety of 
applications such as creating base maps, assessing terrain, 
and aiding in tactical decisions. 
  
2.12.12 GIS in risk management  
   A GIS can help with risk management and analysis by 
showing you which areas will be prone to natural or man-
made disasters. Once identified, preventive measures can be 
developed that deal with the different scenarios. 
  
2.12.13 GIS in Site Planning  
   People around the world use GIS to help them locate 
sites for new facilities or locate alternate sites for existing 
facilities. Development of plans, costing, maintenance, 
management. 
  
2.12.14 GIS in transportation  
    GIS can be used to help you manage transportation 
infrastructure or help you manage your logistical problems. 
Whether monitoring rail systems and road conditions or 
finding the best way to deliver your goods or services, GIS 
can help you. 
 
 
  
2.12.15 GIS in water/wastewater industry  
   People in the water/wastewater industry use GIS with the 
planning, engineering, operations, maintenance, finance, 
and administration functions of their water/wastewater 
networks. 
 
2.12.16 GIS in marketing  
GIS can be used in marketing to describe Site location 
and target groups , optimizing goods delivery. 
  
2.12.17 GIS in site evaluation and costing  
GIS can be used in site elevation 
and costing in Cut and fill, computing 
volumes of materials. 
  
2.12.18 GIS in social studies 
GIS in social studies can be used in 
Analysis of  demographic movement 
and developments. 
 
2.12.19 GIS in utilities  
GIS can be used in Location, management, and planning 
of water, drains, gas, electricity, telephone and cable 
services.  
2.12.20 The other GIS applications may include, 
epidemiology and health, emergency services, navigation, 
tourism etc  
 
2.13 The main producers and sources of GIS 
  
    The main producers and sources of GIS can take one of 
the following forms: 
a. Topographical mapping.  
b. Land registration and cadastre. 
c. Hydrographic mapping.     
d. Military organization.  
e. Remote sensing companies and satellite 
agencies.  
f. National resource surveys: Geologists.   
g. Hydrologists, physical geographers and soil  
h. Scientists: land evaluators, ecologists and 
biogeographers, meteorologists, climatologists and 
oceanographers. 
           
2.14 GIS in everyday life 
 
Making GIS data work for you in today's global community, 
the more information you have at your fingertips, the easier it 
is to make an informed decision. In today's high-tech world, 
information comes in many different ways, from company 
reports and statistics from down the hall to digital photos and 
multimedia from across the world.  
Information can be overwhelming and the need for timely 
decisions calls not only for innovative ways to access accurate, 
up-to-the minute information, but also tools to help present 
the information in useful ways.  
A geographic information system or GIS allows you to 
bring all types of data together based on the geographic and 
Locational component of the data, but unlike a static paper 
map, GIS can display many layers of information that is useful 
to you.  
You will be able to integrate, visualize, manage, solve, and 
present the information in a new way.  
Relationships between the data will become more apparent 
and your data will become more valuable.  
GIS will give you the power to create maps, integrate 
information, visualize scenarios, solve complicated problems, 
present powerful ideas, and develop effective solutions like 
never before.  
GIS is a tool used by individuals and organizations, 
schools,governments,and businesses seeking innovative ways 
to solve their problems. 
 
2.15 What Can GIS Do for You?  
 
     Applying the GIS analysis techniques can carry out many 
useful operations. Some types example of these operation 
are: -  
(a) Perform Geographic Queries and Analysis. The ability 
of GIS to search databases and perform geographic 
queries has saved many companies literally millions 
of dollars. GIS have helped reduce costs by stream 
lining customer service. 
(b) Reducing fleet maintenance costs through better 
logistics. 
(c) Analyzing data quickly, as in the following example:  
A realtor (broker) could use a GIS to find all houses within 
a certain area that have tiled roofs and five bedrooms, and 
then list their characteristics.  
Adding criteria could further refine the query - the house 
must cost less than $100 per square meter. You could also list 
houses within a certain distance of a school. 
  As communication increases among individuals and 
departments, redundancy is  reduced, productivity is 
enhanced, and overall organizational efficiency is improved. 
Thus, in a utility company the customer and infrastructure 
databases can be integrated so that when there is planned 
maintenance, affected customers can be sent a computer-
generated letter.  
The old adages "better information leads to better 
decisions" is as true for GIS as it is for other information 
systems. A GIS, however, is not an automated decision 
making system but a tool to query, analyze, and map data in 
support of the decision making process. GIS technology has 
been used to assist in tasks such as presenting information at 
planning inquiries, helping resolve territorial disputes, and 
sitting pylons in such a way as to minimize visual intrusion.  
GIS can be used to help reach a decision about the 
location of a new housing development that has minimal 
environmental impact, is located in a low-risk area, and is 
close to a population center. The information can be 
presented clearly in the form of a map and accompanying 
report, allowing decision makers to focus on the real issues 
rather than trying to understand the data. Because GIS 
products can be produced quickly, multiple scenarios can be 
evaluated efficiently and effectively.  
 
2.16 Making Maps 
 
    Maps have a special place in GIS. The process of making 
maps with GIS is much more flexible than are traditional 
manual or automated cartography approaches. It begins 
with database creation. Existing paper maps can be digitized 
and computer-compatible information can be translated into 
the GIS. The GIS-based cartographic database can be both 
continuous and scale free. Map products can then be created 
centered on any location, at any scale, and showing selected 
information symbolized effectively to highlight specific 
characteristics. 
The characteristics of atlases and map series can be encoded in 
computer programs and compared with the database at final 
production time. Digital products for use in other GIS can also be 
derived by simply copying data from the database. In a large 
organization, topographic databases can be used as reference 
frameworks by other departments. 
( tne.gisdevelopment.www://http) tutorials //  
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
CHAPTER THREE 
 
GEOGRAPHIC DATA BASE 
 
    A geographic data base is a data base system in which most of the 
data are spatially indexed ,and upon which a set of procedures 
operated in order to answer queries about spatial entities in the 
database , it is also defined as any manual or computer based set of 
procedures to store and manipulate geographically  referenced data.  
(net.gisdevelopment.www://http) tutorials //  
 
  
3.1 The requirements of GIS data 
 
The scientific requirements of GIS data can be listed in the 
following:                                                                      
a. Data acquisition - from maps, images or field surveys  
b. Data input - data must be input from source material to 
the digital database  
c. Data storage - how often is it used, how should it be 
updated, is it confidential?  
d. Retrieval and analysis - may be simple responses to 
queries, or complex statistical analyses of large sets of 
data  
e. Information output - how to display the results? As maps 
or tables? Or will the information be fed into some other 
digital system?  
f. Users may be researchers, planners, managers  
g. Interaction needed between a GIS group and users to plan 
analytical procedures and data structures  
h. Organizational role - GIS section is often organized as a 
separate unit within a resource management agency (cf. 
the Computer Center at many universities)  
i. Database and analysis services staff - include System 
Manager, Database Manager, System Operator, System 
Analysts, Digitizer Operators - a typical resource 
management agency GIS center might have a staff of 5-7 
persons - extensive interaction is needed between the GIS 
group and the rest of the organization if the system is to 
function effectively  
3.2   Data Capture 
     How can a GIS use the information in a map? If the data to 
be used are not already in a digital form, that is, in a form the 
computer can recognize, various techniques can capture the 
information. Maps can be digitized, or hand-traced at computer 
mouse, to collect the coordinates of features. 
Electronic scanning devices will also convert map lines and 
points to digits.  
A GIS can be used to emphasize the spatial relationships 
among the objects being mapped. While a computer-aided 
mapping system may represent a road simply as a line, a GIS 
may also recognize that road as the border between wetland 
and urban development, or as the link between Main Street 
and Blue berry Lane. 
Data capture - putting the information into the system - is the 
time-consuming component of GIS work. Identities of the 
objects on the map must be specified, as well as their spatial 
relationships. Editing of information that is automatically 
captured can also be difficult. Electronic scanners record 
blemishes on a map just as faithfully as they record the map 
features. For example, a fleck of dirt might connect two lines 
that should not be connected. Extraneous data must be edited, 
or removed from the digital data file. 
3.3 Data modeling 
      It is difficult to relate wetlands maps to rainfall amounts 
recorded at different points such as airports, television 
stations, and high schools. A GIS, however, can be used to 
depict two- and three-dimensional characteristics of the 
Earth's surface, subsurface, and atmosphere from information 
points. 
Such a map can be thought of as a rainfall contour map. Many 
sophisticated methods can estimate the characteristics of 
surfaces from a limited number of point measurements. A two-
dimensional contour map created from the surface modeling of 
rainfall point measurements may be overlain and analyzed 
with any other map in a GIS covering the same area.  
 
 
3.4 Data structures 
     Can a property ownership map be related to a satellite image, a 
timely indicator of land use ?    
Yes, but since digital data are collected and stored in various ways, the 
two data sources may not be entirely compatible. So a GIS must be 
able to convert data from one structure to another. 
 (http://www// gisdevelopment.net//tutorials) 
Image data from a satellite that has been interpreted by a 
computer to produce a land use map can be "read into" the 
GIS in raster format. Raster data files consist of rows of 
uniform cells coded according to data values. An example 
would be land cover classification.  
 
3.5 Data gathering , input and editing 
 
   Methods for efficient data gathering have been and are being 
developed designed for their use in geographic information systems, 
and providing accuracy and reliability consistent with the application 
level of the information . The process usually involves the 
interpretation of aerospace images , intensive and well–designed field 
observations and the support of all  available existing data source . 
Remote sensing products are an important data sources and are also 
for monitoring and updating procedures .Image processing 
techniques provide the tools to transform more efficiently the 
remote sensing data into information .Intensive field work and 
efficient sampling procedures are needed for this purpose. 
A geographic entity is defined by two types of data ,ie, 
geometric and non-geometric . The geometric data relate to 
the geographic location of the entity . The non- geometric data 
relate recorded information ( usually descriptive)into a 
geographic entry .The attribute data are usually entered from 
a keyboard . 
Data capture or digitization is a sequence of tasks for encoding 
the position identifiers of spatially–oriented data. In its 
narrowest form, digitizing can be viewed as determining x and 
y coordinate values to describe the location of points, lines, 
areas or surfaces as these are depicted in one or more maps. 
In a broader sense, however, digitizing is the task of creating 
an acceptable, errors, machine–readable data file from a 
variety of sources.(figure 3.1)  
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 Figure(3.1):Data gathering and input (,after H.C .Misthra,2000).  
 
   The transformation of data from maps(analogue) into 
computer compatible form is one of the most time – 
consuming and costly taskes in the creation of a GIS . Data 
input requires editing operations to verify the digital data 
against the original map and subsequently correct the errors 
induced by both the human analyst and the hardware and soft 
ware used .  
3.6 Data output  
   A critical component of a GIS is its ability to produce 
graphics on the screen or on paper that convey the results of 
analysis to the people who make decisions about resources. 
Wall maps and other graphics can be generated, allowing the 
viewer to visualize and thereby understand the results of 
analyses or simulations of potential events. 
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 3.7 Geographic data base   
 
     In  short ,a GIS  doesn’t hold maps or pictures , it holds a 
database . The database concept is central to a GIS and is the 
main difference between a GIS and drafting or computer 
mapping systems . The latter can only produce good graphic 
output all contemporary geographic information system and 
corporate a database management system,(understanding GIS 
- the Arc Info Method ). 
A spatial database describes a collection of entities , some of 
which have permanent location,dimension space (figure3.2).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure(3.2): Geographic database ,after H.C .Misthra,2000. 
 
  
DATA ANALYSES AND MODELLING
DATA INPUT 
POSITION  ATTRIBUTE
NON SPATIAL
TOPOLOGY 
RASTER
VECTOR 
QUERIES 
Normally, there is a mixture of geometric (spatial) and non 
geometric (a spatial ) entity types which may change in time. 
Geometric entity types have the basic topographic properties 
of location, dimension and shape. Non– geometric entities are 
not recognized as having permanent locations with respect to 
other entities. The spatial data describe  the location and 
topology of points, lines, polygons and surface features.  
 
 
 
3.7.1 graphics data base   
 
     Geographic information includes attributes, a special 
location, extension or configuration and are dynamic ( change 
in time). These geometric attributes can be expressed by 
spatial coordinates. They include position, shape and size that 
can be expressed by spatial coordinates. 
Topological attributes are those describing characteristics such 
as connectivity and adjacency that are invariant under 
distortions and changes of scale. Geographic entities are 
conventionally divided into points, lines, polygons ad surfaces 
polygons are perhaps the most frequently encoded features in 
geographic information systems. Essentially, the computer 
representation of point, line, polygon and surface entities takes 
one of two forms, ie, gridded (cellular raster ) data or vector 
data. A raster data structure consists of a matrix of cells of 
uniform size, each one referenced by a unique positional index 
( line and column number) it contains a number or code 
representing the type of value of the attribute  being mapped , 
which can be ordinal ( scalar or vector ) or nominal. A major 
disadvantage of the cellular organization is its wasteful use of 
computer storage for spatially sparse data, although this can 
be overcome by using some data compaction techniques.In the 
vector data structure each point entitiy, is represented by 
apair of x,y cordinates, lines entity by a series of coordinates 
and or polygon entities by their boundaries. 
 3.7.2 attribute data base  
 
    In addition to the special representation of a feature , each entity 
usually has a number of other important attributes . These attributes 
may be either nominal , such as soil series  name , crop type ,or scalar 
, such as depth of water table or contour elevation .A database system 
is essentially a   computerized record keeping system , that is a 
system whose overall purpose is to maintain data and to make that 
data available on demand. The database itself can be regarded as a 
kind of electronic filing cabinet. 
 
  
 
3.7.3 geographical data in computer  
 
   To take advantage of the possibilities a computerized spatial 
modeling tool may provide, it is essential to understand how 
the data models used to represent geographical phenomena 
are coded in these devices. computers code data and carry out 
instructions using series of switches  one of two states on or 
off. The main data structures used to date are termed vector 
and raster and they divide space into either a series of  points, 
lines, and areas . When entered into computer the data need 
to be organized to allow efficient accessing, retrieval, and 
manipulation. Systems for organizing data in the computer 
range from simple lists or indexed files, through the highly 
structured databases based on hierarchical,network ,relational 
,and object –oriented schemata. These structures determine 
how the data are organized into data records and so control 
the way they are held in the computer. The various 
combinations impose limitations on the data representation 
and handling which affect the various data structures in a 
computer are disscussed. Table (3.1) below summarizes the 
properties of the different data structures with respect to entry 
of location data, attribute storage, and topology . Raster data 
structures may be used for representing data formulated 
according to the vector data model, and vice versa. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table(3.1):characteristics of  basic spatial entities in vector and 
raster mode 
 
Basic unit 
vector units 
Locational 
data 
Attribute held as topology 
Points X,y,z  records implicit 
Nodes X,y,z records explicet 
Simple line   N(X,y,z) records implicit 
Complex line 
(arc) 
 N(X,y,z)  N(records) explicet 
Polyhedron(solid 
body) 
M(lines) records implicit 
Raster units   Single value  
or pointer to record 
Grid cell(pixel) Row,column Single value 
or pointer to record 
implicit 
Line N(pixels) Single value 
or pointer to record 
implicit 
Polygon M(pixels) Single value 
or pointer to record 
implicit 
Voxel  Row,column, 
layers 
Single value 
or pointer to record 
implicit 
  
 3.8 The basic data models for input to the computers  
 
     The main spatial units used in representing data were shown to be 
the vector data and raster data 
3.8.1 Vector data structures  
 
     A data structures that uses points, lines, polygons to describe 
geographical phenomea is known as a vector data structures  
3.8.2 Raster data structures  
 
    special phenomena may also be represented by sets of regular 
shaped. The simplest form is the square cell (pixel) and the tesslated 
regular grid is khown as a raster data structure. 
 
 
 
 
3.9 Computer storage of vector or raster data structures   
The storage requirements of these different  data types are 
summarized in table 3.2, after Peter A.Burrough & rachael A. 
McDonnell 1998. 
 
Table (3.2): Data structures  and computer coding ,after Peter 
A.Burrough & rachael A. McDonnell 1998. 
Data structure 
 
Computer coding of data types 
Vector unit   
Geometric data X,y,z coordinates are usually scaler or real 
data types using 32 or 64 bits  
Attribute data Are highly variable and may be binary 
,nominal, ordinal,integer or real ,or directional 
using 16,32, or 64 bits   
Topological data Usually small numbers so 16 bits often 
enough  
Raster unit  
Grid location and size 32-bit real numbers  
Attributes 
 
16-bit integers  
32-or 64 bit reals for mathematical modelling 
 
A Table(3.3): A comparison between vector and raster data  
Element     Raster Data    Vector Data     
 
Data collection           Rapid            Slow 
Data volume            Large            Small 
Area analysis          Good           Average 
Graphic treatment         A verage           V.Good 
Geometrical accuracy            Low             High 
Analysis in network            Poor           V.Good 
Generization          Simple         Complex 
     
Data structure          Compact           Simple 
Coordinates 
transformation 
       Difficult            Easy 
 
    3.10 Database structures and organization  in a computer   
 
    The essential features of any data storage system are those which 
shoud allow  data to be accessed and cross- refrenced quickely. There 
are several wayes of achieving this some of which are more efficient 
than others . Unfortunatly, there seems to be no single ‘best’ method 
that can be used for all situations, which explains in part the massive 
investment in main power and money in effective database 
management systems (DBMS) , as the computer programs are known 
to control data input, output,storage ,and retrieval form a digital 
database. 
The simplest form of database is a simple list of all the items .As each 
new item is added to the database it is simply placed at the end of the 
file, which gets longer and longer .  
                                     
3.11 Sources of geographical data   
   
    Creating a GIS Database is a complex operation which may involve 
data capture, verification, and structuring .Because raw geographical 
data are avaliable in many different analogue or digital forms, such as 
maps, areial photographs ,satellite images, or tabels, a spatial 
database can be built in several ,not mutually exclusive, ways. These 
are : 
(a) Acquire data in digital form from a data supplier . 
(b) Digitize existing analouge data . 
(c) Carry out one’s own survey of geographic entities. 
(d) Interpolate from point observation to continuous 
surfaces . 
(e) Digital topographic maps. 
(f) Maps are drown to a certain scale by different 
symbols or colouring . 
(g) Images derived from optical and digital remote 
sensing.  
(h) Stereo arial photographs.  
(i) Maping of geology ,soil,vegetation,or land cover and 
digital data from satellites directly.  
 
 
 
 
3.12 Data updating 
 
    many geographical data are not involate for all time and 
subject to change. Few of these changes are so detrerministic 
that they can be performed automaticlly.For example, political 
boundaries may change as a result of reallotment, soil 
boundaries change as the result of land improvement or 
degradation.  
 
3.13 Data storage 
 
     Building a digital database is a costly and time consuming process and it 
is essential that the digital map information is transferred from the local 
disk memory of computer to a more permanent storage medium where it 
can be safely preserved.Digital data are stored in hard disk (fixed 
storage)or storage data is used by different methods : 
(a) Removable storage 
(b) Folopy disks 3.5 
(c) CD  ROMS ( Read only memory ) 
(d) Laser disks  
(e) WORM Optial disks (Write One Read Many) 
 
The geographical database is the data that record the location and a value 
charactering the phenomenon , (Burough etal 1998) 
 
 
 
 
 
 
 
 
  
 
 
 
 
CHAPTER FOUR 
 
Site selection using GIS analysis 
techniques 
  
4.1 General 
 The application of geographic information system 
to select optimum sites for investment projects and 
stations will give solutions to most of the problems 
hindering the investment in the world. The process 
illustrated by this site selection analysis has been used 
for a number of common applications, including 
transportation planning and waste disposal site 
location. The technique is particularly useful when 
several physical factors must be considered and 
integrated over a large area. GIS can be used by any 
business that utilises geographical information. There 
is a technique called geographic information systems 
or GIS, in which the planner initially specifies all 
conceivable requirements and based on these, 
identifies suitable sites selection. A GIS is a digital 
database management system, which collects data 
from various sources. The GIS effectively stores, 
retrieves, analyzes, and displays the collected 
information according to the specifications of the user 
or analyst and can select the ideal site. 
 The purpose of this study is to produce 
computerized model based on the above technology of 
geographic information system. 
(http://www//nre/online.com/stratiges/technology/real. 
state_science_site_selection). 
 
4.2 The Science of Site Selection 
 
      In just a few passed years, the site selection 
process for Columbus, Ohio-based Steiner and 
Associates, a developer of lifestyle and entertainment 
centers, has undergone a dramatic transformation. 
Selecting a new location for a high-end retail center 
used to require company officials to hop into a car with 
a broker and drive around to look at buildings . 
   Optimum site selection really changes our decision-
making process, and that represents money. Beyond 
the traditional use of site selection tools to save time 
and money, some companies are even using the 
software to target potential employees. In addition, 
the technology enables retailers to evaluate how 
opening multiple locations in a geographic 
region will impact the bottom line. 
    The software has made several 
fundamental advances since its 
introduction in 1993. The software has 
the ability to simultaneously search for 
and rate potential sites. One part of the 
program determines how well a site 
meets corporate criteria while another 
evaluates specific candidates for 
suitability. In addition, the software now 
has the ability to launch in Windows and 
on the Web. 
     The costs of site selection technology 
can vary with the level of sophistication 
and the amount and kind of data 
purchased. A standard customized 
solution that can provide GIS and 
mapping functions can cost $25,000 in 
the first year. Some out-of-the-box 
software programs can be obtained for 
as little as $3,000 to $5,000, but often 
lack the customization and access to 
demographic data provided by high-end 
programs. 
(ealr/technology/stratiges/com.online/nre//www://http. 
state_science_site_selection).    
 
4.2.1 Demographics on Demand  
 
      Sophisticated site-selection software 
can reveal many details about 
prospective customers or employees in a 
potential location. The technology plugs 
in demographic and geographic data 
extracted from national databanks and 
paints a detailed picture (often in the 
form of a multicolored map) of a site and 
its surrounding area. For retailers, it can 
track income levels and potential 
spending patterns and even make 
predictions about how much revenue a 
particular store will generate when 
placed near particular co-tenants. 
   We like to look at many different 
factors when we assemble data that will 
create a descriptive tool or a predictive 
tool. Much of the demographic 
information in these programs is found in 
databases of federal agencies, such as 
the Census Bureau and the Commerce 
Department, economic development 
agencies and even local police 
departments. 
From this mountain of data, the software 
produces printed reports and maps, or 
scored equations on the selected site. 
Also, the program can build an analog 
model that takes into account current 
locations and factors that predict 
success, such as co-tenants or the 
presence of a certain demographic group 
within the trade area. 
Maps can be produced complete with 
various demographic data. Want to know 
where two-income families making more 
than $75,000 can be found in a particular 
city? The computer can create a four-
color map showing the highest 
concentrations. 
      For example, a major theme park 
developer asked for average daily 
temperatures throughout the country. 
Barnes and Noble Booksellers needed 
data on the number of people with 
college-level degrees in areas company 
officials were considering for new stores. 
 
4.2.2 Virtual Site Visits  
 
      In addition to locating individual 
demographic groups, software programs 
can create geographic rings based on 
distance, or length of drive time. 
    Using high-resolution satellite and 
aerial imagery, elevation data, GPS 
coordinates and overlay information 
about cities and businesses, software can 
now deliver a streaming, 3-D map of the 
entire globe. One such program is Earth 
viewer, developed by Mountain View, 
Calif.-based Keyhole Corp., which 
enables a user to pan quickly to a 
particular area and then zoom down to 
an individual building.  A digital aerial 
program that allows you to fly from site 
to site without getting in your car.  
 Of course, viewing a building via high-
resolution satellite imaging is one thing. 
Even the most avid proponents of site 
selection technology caution that the 
data alone isn't enough to make a 
decision.  
 
4.2.3 In Search of Cheap Labor  
 
     While retail operations have made the 
greatest use of site location 
technologies, the software's value has 
also become apparent to other 
industries. An important factor for 
manufacturers, for example, is proximity 
to an appropriate labor supply. This can 
be particularly critical in service 
businesses as well.  
     A survey by Dallas-based Trammell 
Crow Co. found that call centers, for 
example, spent more than 70% of their 
annual expenses on labor, while less 
than 5% was spent on real estate. So, 
their version of location, all about labor, 
Geo-demographic software can help 
clients find areas with low cost of living 
(and real estate) and low salaries, thus 
achieving dual savings.  
     With GIS modeling, we're able to 
input employee types and find where the 
highest concentrations of those 
employees can be found throughout the 
U.S., a weighted analysis determines 
which cities have the highest 
concentrations of employees who fit the 
desired profile, and how many are 
employed by competing businesses and 
industries. Additionally, a labor-rate 
survey measures salaries for similar jobs 
in the area. 
    According to the Trammell Crow 
survey, labor costs can be shaved by 
50%, if corporations relocate away from 
high-cost metropolitan areas or away 
from saturated call center environments. 
An added bonus: these areas typically 
boast lower training costs — about 5% to 
25% annually — due to minimal 
employee turnover.  
    Companies are paying attention to 
these indicators: The Trammell Crow 
survey found that during 2001 over 44% 
of new call centers opened in optimum 
sites selection through analysis of sites 
selection by GIS   in cities which 
populations under 500,000. 
Trammell Crow uses GeoVue software 
including the Site of mapping and 
demographic application. Information 
generated by the program can be 
incorporated into Microsoft Excel 
spreadsheets. 
   Going forward, the next evolution of 
the GeoVue software is well under way. 
The firm is building a product called 
geoVue.net that can be configured as a 
Web service and tailored to the needs of 
many users, from CEOs to field reps. 
(real/technology/stratiges/com.online/nre//www://phtt. 
state_science_site_selection).    
 
 
 
 
4.3 The requirements of site selection  
 
    Information concerning the requirement of site 
selection can be combined and manipulated in a GIS to 
address planning and natural resource issues. GIS 
information is used to locate optimum site. Below are 
different suggested projects for which analysis 
techniques are used in order to select the optimum 
sites that meet the requirements of the projects: 
4.3.1   Agricultural project  
     A company plans to invest in greater Khartoum in 
an agricultural project to grow different crops and 
needs to select a specific site that meets the following 
requirements: 
        1.The agricultural area at least 20 hectare (200000 
square meters) in size.  
        2.The site should not be forested (eliminating the 
cost of cleaning the land). 
         3. The agricultural area must be a flat land.  
         4.The distance of the agricultural project from the 
main existing roads should not exceed 300 
meters.          
         5.The soil should be suitable for both building 
construction and agriculture.  
         6. It should not be more than 2000 meters away 
from rivers and streams.  
         7. The project area should be located near schools, 
universities, hospitals and petrol stations to 
reduce the total cost of the project.   
 
 
 
 
4.3.2 Sewerage station project  
 
   The present problems in Khartoum 
center in network of sewerage, creates a 
number of environmental problems. .e.g. 
air and water pollution and transmission 
of communicable diseases. This is due to 
the fact that because   most of pipe line 
network sites would be closed and solid 
waste would be disposed of in landfill. 
Multidisciplinary professionals identify several 
possible sites based on obvious rules.  A 
company needs to construct a sewerage 
station that meets the following 
requirements: 
  1.The area of the sewerage station must be at least 
30000 square meters to satisfy future needs of the 
increasing number of population and buildings. The 
station should contain a sewerage chemical 
treatment plant in addition to a reserve station. 
  2.The elevation of the site of the station must be at the 
minimum level so that the station shall operate 
under gravity. 
  3.The location of the sewerage station must be, at 
least, 300 meters away from the buildings (buffer 
distance of buildings =300 meters). This buffer 
distance depends on velocity and direction of wind.  
  4.The soil of the site must be suitable from the 
geological aspect.  
  5.The total cost of the sewerage station must be 
suitable. 
4.3.3 Chemistry lab project  
 
   A local university plans to construct a 
small chemistry lab, and office buildings 
for research projects near Khartoum city 
but needs to select a specific site that 
meets the following requirements: 
1. The area should not exceed 2000 square 
meters.  
2. The soil must be suitable for construction of 
buildings.     
3. The site should not be forested and should be 
located in a flat land.  
4. The distance between the lab and the sewer 
lines should not exceed 400 meters.  
5. The national water authority has passed a 
recent resolution that no buildings to be 
constructed within a distance of 20 meters from 
the sewer lines.                                                                            
6. The distance between the lab and the existing 
roads should not exceed 500 meters.  
4.3.4 Shopping center project  
 
   Trade companies can use GIS to 
determine the best location for a new 
outlet .A company needs to construct a 
shopping center selling all food supplies 
to the people in the white Nile villages 
and needs to select a specific area that 
meets the following requirements:                           
1. The area must be suitable for building.  
2. The location of the shopping center should not 
be more than 1000 meters away from the 
existing villages.  
3. The area must not be forested. 
4. The distance between the shopping center 
location and any of the existing Wadis or Khors 
should not be less than 2000 meters.  
5. The distance between the shopping center 
location and any of the existing roads should 
not exceed 400 meters.  
4.3.5 Water supply station project 
    Jabel Awlia district area faces many 
problems concerning drinking water. The 
wells water or ground water are not 
healthy. Some of the wells in the study 
area were known to be unsuitable  as 
drinking water sources. For these 
reasons a company plans to construct a 
water supply station and needs to select 
a specific site that meets the following 
requirements:  
1. The area of the station should be, at least, 1000 
square meters to satisfy future water needs.  
2. The location of the station should not be more 
than 2000 meters away from the White Nile. 
3. The area of the station should not be forested. 
4. The station should be located at the maximum 
elevation of the site, so that the station shall 
operate under gravity.  
5. The station should be located at a distance of at 
least 1500 meters away from the surrounding 
villages. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 CHAPTER FIVE 
 
Project data  
5.1 General  
  
   The main project data was derived from a 1:100000 scale 
topographical maps by digitization. These two maps are of the 
standard sheets produced by the National Sudan Survey 
corporation. These maps consist of the computerized models 
based on the technology of geographic information system. In 
these models, two study areas were selected: an urban area 
and a rural area from the topographic map provided by Sudan 
Survey Department. The urban area includes an extensive 
area of greater Khartoum map: Khartoum province and 
Khartoum north province. The urban study area equals 
(1315.364) km2 . The rural study area equals (1453.522)km2, 
and includes many villages of Jabel Awlia local district area. 
 
5.2 Information of base maps  
 
    The topographic maps used in this thesis are the standard 
National Survey Authority 1: 100,000 scale were prepared in 
the year 1973 by the Directorate of Overseas Survey (DOS) 
in co-operation with the Sudan Government (Sudan Survey 
Department). These sheets were compiled based on Arial 
photography produced by Sudan Survey Department in 
1963/1964 .The two topographic maps were produced using 
the Universal Transverse Mercator (UTM) coordinate system, 
zone 36/37 with a scale factor 0.9996 at origin. And the 
Transverse Mercator projection, Clark 1880 Spheroid and 
Adindan datum.       
   
5.2.1 Cartography applications 
 
     GIS systems are very powerful tools for handling spatial 
data. They add or replace conventional research methods 
and evaluation techniques. They involve new procedures of 
capture, manipulation and presentation of spatial 
information. Cartography has a new dimension of 
understanding the representation of real phenomena (object 
and process) due to digital structure developments. 
Understanding of a map as a cartographic representation 
inherent to GIS specialists is different to an exact 
cartographic definition of a map as a basic cartographic 
work. The map is usually presented in two-dimensional 
space but due to the graphic tools of information systems it 
has sense to be interested in multi dimensional 
representation despite problems with multi dimensional 
transformation. The computer map as a graphic output is 
understood as: the set of points, lines and areas defined by 
their location in space using a reference system and non 
spatial attribute.   
   Special attention has to be given to geographical data in 
digital data structures. Neither computer nor application 
software (in this case-GIS) are able to think like human 
beings and in computer map production they are not able to 
carry out decisions, which are inherent to cartographers. A 
procedure of map production (both traditional analogue and 
digital or computer) is implemented in certain sequence. For 
traditional map production these are a direct one-way 
relationship between real phenomena and a map . 
     The output devices for cartographic interpretation of 
spatial digital data have been assessed for various systems. 
The most important outcome from GIS applications is the 
fact that problems of cartography in GIS is getting narrow 
into the field of digital data visualisation. 
   The cartographic applications of the project are mentioned in 
the table (5.1) below:  
  
Table (5.1)  Cartographic applications 
GRID Universal transverse Mercator 
(UTM) Zone 36-37 
Projection Transverse Mercator 
Spheroid Clarck 1880 
Unit of Measurement Meters 
Meridian or Origin  33 degree East of Greenwich  
Scale Factor at Origin  0.9996 
Datum Adindan 
  
 
 
5.2.2 Heights 
 
     Heights in these topographic maps are given in meters      referred 
to the mean sea level at Alexandria.  
 
1.2.3 Research data  
 
    The master unit in the graphic data of this research is the 
base maps of the two study areas. The researcher collected 
data from different sources to establish attribute database. 
 
5.3 Processing of project data 
     There are some methods for processing data such as 
transfer data from raster to vector, display building layers, 
edit digitizing errors, produce graphic data and carry out 
map transformation. 
 
5.3.1 Transfer data from raster to vector  
 
  Before geographical data can be used in a GIS, the data 
must be converted into a suitable digital format. The process 
of converting data from paper maps into computer files is 
called digitizing. Modern GIS technology can automate this 
process fully for large projects using scanning technology; 
smaller jobs may require some manual digitizing (using a 
digitizing table). Today many types of geographic data 
already exist in GIS-compatible formats. These data can be 
obtained from data suppliers and loaded directly into a GIS. 
Transferring data from graphic manually is very easy but 
takes long time. 
    In this research, two maps of the study area were 
scanned and transferred to vector data. The used scanner 
was (Mustek A3 EP, 1998). Mustek scanner, full A3 Sized 
scanning”11.7x17” inches, scans a variety of sizes” legal, 
letter and A4 and are easy installation. It connects directly 
to the printer’s port, 36-bit color scanning, high resolution 
9600 dpi, optical 300x600 dpi and multi functional software 
included. (See figure 5.1) 
 
                    
                      
                 Figure (5.1): Mustek A3 EP Scanner  
 
The software used to transfer the base maps from Raster to Vector 
data was AutoCAD version  2000-2002. This program is efficient for 
putting graphic data on different layers directly.  Figure (5.2) below 
shows the  layers of the urban study area and figure(5.3) below shows 
those layers of the rural study area. Using AutoCAD digitizing facilities 
including the line command, the maps were converted into digitizer 
manually . If the data to be used are not already in digital form, that 
is, in a form the computer can recognize, various techniques can 
capture the information. Maps can be digitized by hand-tracing with a 
computer mouse on the screen or on a digitizing tablet to collect the 
coordinates of features. Electronic scanners can also convert maps to 
digits. Coordinates from Global Positioning System (GPS) receivers can 
also be uploaded into a GIS. Digitizing using AutoCAD is time-
consuming, but it is very accurate. For this reason the researcher 
adopted it. On the other hand, this type of digitization needs high 
quality of source maps. Transferring data from raster to vector is very 
important because most types of software (ArcInfo, ArcView GIS, CAD 
“Computer Aided Design”) use vector data for all processing, 
establishing attribute database operations and analysis. 
 
5.3.2 Display of building layers 
 
     The digital maps and other data have been stored or filed as layers 
of information in a GIS. This makes it possible to perform complex 
analyses. The layers are built depending on classification of land use in 
the  base maps. In this research, 24 layers were selected in the urban 
study area. Each of these layers is assigned a certain output color, line 
type, and line width. Each layer was digitized and stored in a separate 
file. 
 
  
Figure (5.2): Layers of the urban study area 
 
 
 
 
Moreover, in this research, 27 layers were selected in rural study area. 
Each of these layers is assigned a certain output color, line type, and 
line width. Each layer was digitized and stored in a separate file. 
 
 
 
  Figure (5.3): Layers of the rural study area 
  
Work space of Mustek A3 EP Scanner is not enough to cover the 
base maps of the whole study area. Therefore, the study area was 
divided into two parts for scanning and digitizing. After digitization, the 
final map was formed by joining two digitized sheets, and the accuracy 
of joining is checked using the scale factor. 
The scale factor of the urban study area is:1.241494563  
and that of the rural area is:1.076914096 
 
5.3.3 Editing the digitization errors 
 
There are some drawing errors that occur in the process of 
scanning and tracing raster data. The expected errors which may occur 
are: 
a. Small lines are  created due to smudges.  
b. Under shoots incomplete lines or arcs. 
c. Over shoots or excess parts of lines or arcs. 
d. Duplicated lines.  
The above mentioned errors should be topologically corrected 
before the analysis process is carried out. 
 
5.3.4 Graphic data 
 
The extension of victorized file in AutoCAD is .DWG. This file is 
stored as graphic data only. The file is exported or saved as from 
.DWG file to .DXF file (Direct Exchange Format) which contains graphic 
and attribute data.  
 
5.3.5 Map transformation 
 
The coordinate system of the model was transformed from AutoCAD 
system to UTM (Universal Transfer Mercator), Grid zone 36 for the 
urban study area and Grid zone 37 for the rural study area, Adindan 
Datum to give the absolute locations of utilities. The procedure of 
coordinate transformation of the urban study area is such that three 
points were selected from the Grid of the base map to carry out the 
transformation from AutoCAD coordinates to ground coordinates. Table 
(5.2) shows the destination points used for the coordinates 
transformation. 
 
 
  
 
 
 
 
  
 
 
Table (5.2): Destination  points of the Urban study area 
IntersectionPoint  no.  Easting (m) Nothing (m)  
1 450000.00 1715000.00 
2 455000.00 1720000.00 
3 450000.00 1765000.00 
 
 
  In the rural study area, three points were selected from the Grid 
intersection  to transfer the coordinates. Table (5.4) shows the 
destination points: 
 
 
Table (5.3): Destination  points the Rural study area  
Intersection Point  no Easting (m) Nothing (m)  
4 425000.00 1660000.00 
5 440000.00 1685000.00 
6 425000.00 1710000.00 
   
 The Software which was used for the coordinates transformation was 
AutoCAD, Version 2002. The transformation process was performed in 
the following manner: Click “Modify” in main menu  bar, then select 
“3D Operation – Align”  (see figure 5.4):  
   
 
 
 
Figure (5.4): Align command 
 
This command was used to transfer the coordinates in the two study 
areas using the control points  shown in tables (5.2, 5.4).  
 
5.3.5.1 Steps of  Align command  
 
    After selecting “Align” command as shown in the above figure, the 
following steps were taken to complete the transformation process:  
(a) In the command line “Select objects”: “All” was 
typed in. 
(b) “Specify first source point”: The first source point 
was clicked, then 
(c) “Specify first destination point”: The coordinates 
450000.00,1715000.00 were typed in. 
(d) “Specify second source point”: The second source 
point was clicked, then 
(e) “Specify second destination point”: The coordinates 
455000.00, 1720000.00 were typed in. 
(f) “Specify third source point or <continue”: “Continue” 
was typed. 
(g) “Scale objects based on alignment points?” [Yes/No] 
<N>: y was typed. 
(h) In the command line, Zoom to extent (z,e) was 
typed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
CHAPTER SIX 
 
GIS ANALYSIS METHODS AND SOFTWARES 
 
        Analysis of geographic data is most important in GIS in order 
to answer the questions of the project requirements. Before 
commencing geographic analysis, one needs to assess the problem 
and establish an objective. The analysis requires step-by-step 
procedures to arrive at the conclusions. Actual problems which 
faced the researcher and were solved are: 
(1) The main problem solved using this model was recording the 
graphics and attributes in digital form of urban and rural 
areas. 
(2) The GIS system will reduce the possibility of loss and damage 
of drawings and records of customer details, because the 
database will be in digital format. For these reasons, the 
customers can select the optimum site and reduce the time 
and total cost of projects. 
(3) The digital model helps the decision–makers to print out 
reports and charts of analysis to make plans for the future. 
(4) The present problems in Khartoum center in the sewerage 
network create a number of environmental problems like air, 
and water pollution and transmission of different diseases. By 
good analysis in order to select optimum sites of sewerage 
stations, these problems were solved.  
(5) The problems of the sewerage network breakdowns while 
constructing new engineering projects because of the lack of 
as-built drawings can be solved by preparing updated maps, 
using the GPS (Global Position System) instrument RTK to 
establish a map showing the coordinates of start and end of 
the pipes. For example, we can use the digital model of these 
coordinates to avoid the problems of water network, 
pipelines, telephone cable networking, electrical cable 
networking and sewer line networks. The engineers will take 
a map of the required area before leaving to  the site. 
 
 
 
 
 
 
       6.1 Definition of  analysis 
  
    The heart of GIS is the analytical capabilities of the system. 
What distinguishes the GIS system from other information 
systems is its spatial analysis functions. Although the data input is, 
in general, the most time-consuming factor, it is for data analysis 
that GIS is used. The analysis functions use the spatial and non-
spatial attributes in the database to answer questions about the 
real world. Geographic analysis facilitates the study of real-world 
processes by developing and applying models. Such models 
illuminate the underlying trends in geographic data and thus make 
new information available. Results of geographic analysis can be 
communicated with the help of maps, or both. 
The organization of database into map layers is not simply for 
reasons of organizational clarity; rather it is to provide rapid 
access to data elements required for geographic analysis. The 
objective of geographic analysis is to transform data into useful 
information to satisfy the requirements or objectives of decision-
makers at all levels in terms of detail. An important use of the 
analysis is the possibility of predicting events in another location 
or at another point in time. 
6.2 Types of analysis softwares  
   Types of software which were used in this research were very 
modern: AutoCAD version 2002 was used in manual digitization to 
transfer data from raster to vector. Besides this was used to edit 
data to correct errors of scanning and digitization. ArcInfo, was 
used in topology building, retopology of maps and in analysis; Arc 
View was used for display, analysis design, printing, and data 
management techniques. There are updating modern types of 
softwares which the researcher could not use such as ArcGIS 
Desktop and ArcMap. Each type of software has important 
properties which can be used to accomplish the analysis in order 
to assist decision-makers.  
6.2.1 ArcInfo  
   ArcInfo is the most complete and extensible GIS software 
available? It includes all the functionality of ArcView and ArcEditor 
and adds advanced geoprocessing and data conversion 
capabilities. Professional GIS users use ArcInfo for all aspects of 
data building, modeling, analysis, and map display on screen. 
ArcInfo provides all the functionality for creating and managing an 
intelligent GIS. This functionality is accessible via an easy-to-use 
interface that is customizable and extensible through models, 
scripting, and applications. With ArcInfo you can carry out the 
following: 
(a) Build powerful geoprocessing models for discovering 
relationships, analyzing data, and integrating data.  
(b) Perform vector overlay, proximity, and statistical analysis.  
(c) Generate events along linear features and overlay events 
with other features.  
(d) Convert data to and from many formats.  
(e) Build complex data and analysis models and scripts to 
automate GIS processes.  
(f) Publish cartographic maps using extensive display, 
design, printing, and data management techniques.  
6.2.2 ArcView  
 ArcView is a full-featured GIS software for visualizing, 
managing, creating, and analyzing geographic data? Using ArcView 
you can understand the geographic context of your data, allowing 
you to see relationships and identify patterns in new ways. 
ArcView helps tens of thousands of organizations make better 
decisions and solve problems faster. With ArcView you can:  
(a) Leverage geographic data to make better 
decisions.  
(b) View and analyze your spatial data in new ways.  
(c) Build new geographic data sets quickly and 
easily.  
(d) Create publication-quality maps.  
(e) Manage all your file, database, and Internet 
data resources from a single application.  
(f) Customize the user interface around the tasks 
that you need to accomplish.  
ArcView is the most widely used 
desktop GIS software in the world 
because it provides an easy way 
for everyone to use geographic 
data. With a large array of symbols 
and cartographic capabilities, you 
can easily create high-quality 
maps. ArcView makes data 
management and editing a painless 
task that can be accomplished by 
anyone in your organization. 
Virtually any geographic data 
provider can make data available in 
ArcView compatible format. 
Because data can be integrated 
from almost any source, projects 
can get started right away with 
data that is available locally or on 
the internet. ArcView simplifies 
complex analysis and data 
management tasks by allowing you 
to visually model the task in a 
logical work flow. ArcView is easy 
to use by non-technical users, and 
advanced users will be able to take 
advantage of the sophisticated 
tools for advanced cartography, 
data integration, and spatial 
analysis. Developers can customize 
ArcView using industry-standard 
programming languages. ArcView 
is an exceptional stand-alone 
desktop GIS as well as one of the 
core products in ArcGIS Desktop. 
 
6.2.3 ArcGIS Desktop  
 
    ArcGIS Desktop is a collection of software products that runs 
on standard desktop computers. It is used to create, import, edit, 
query, map, analyze, and publish geographic information. There 
are four products in the ArcGIS Desktop collection; each adds a 
higher level of functionality: 
(a) ArcReader is a free viewer for maps authored using the 
other ArcGIS Desktop products. It can view and print all 
maps and data types. It also has some simple tools to 
explore and query maps.  
(b) ArcView provides extensive mapping, data use, and 
analysis along with simple editing and geoprocessing 
capabilities.  
(c) ArcEditor includes advanced editing for shapefile and 
geodatabases in addition to the full functionality of 
ArcView.  
(d) ArcInfo is the full function, flagship GIS desktop. It 
extends the functionality of both ArcView and ArcEditor 
with advanced geoprocessing. It also includes the legacy 
applications for ArcInfo Workstation.  
6.2.4 ArcMap  
    ArcMap is the central application in ArcGIS Desktop for all 
map-based tasks including cartography, map analysis, and 
editing. ArcMap is a comprehensive map authoring application for 
ArcGIS Desktop. ArcMap offers two types of map views: a 
geographic data view and a page layout view. In the geographic 
data view, geographic layers are symbolized, analyzed, and 
compiled into GIS data sets. A table of contents interface 
organizes and controls the drawing properties of the GIS data 
layers in the data frame. The data view is a window into any GIS 
data set for a given area.  
In the layout view, map pages contain geographic data views as 
well as other map elements such as scale bars, legends, north 
arrows, and reference maps. ArcMap is used to compose maps on 
pages for printing and publishing. (http://www. esri.com 
/software). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CHAPTER SEVEN 
PROJECT DATA PREPARATION 
     Before carrying out the data processing and analysis, the 
project data should be prepared for these. The project data 
preparation operations may include: 
(a) The topological structure of the project data.  
(b) The editing of the data.  
(c) Input of the project attribute data etc. 
 7.1 The Topological structure of the project data   
   Topology means the  spatial relationships between connecting or 
adjacent coverage features (arcs, nodes, polygons and points). For 
example, the topology of an arc includes its from- and to-nodes and 
its left and right polygons. Topological relationships are built from 
simple elements into complex elements. After topology is 
constructed each feature is assigned an internal Identification 
Number(IDNo.) By ArcInfo, these numbers are recorded and stored 
in a tabular attribute table called Polygon Attribute Table (PAT), 
Point Attribute Table (PAT) and Arc Attribute Table (AAT). Table 
(7.1) shows a sample of Polygon Attribute Table of the urban study 
area constructed by ArcInfo and attribute data is added in ArcView: 
Table  (7.1): A sample of Polygon Attribute Table (PAT) 
 
Construction of topology in ArcInfo is possible by two commands 
namely Build and Clean. Table (7.2) shows the differences 
between Build and Clean commands: 
 
 
Table (7.2): Comparison between clean and build commands  
 
Build Clean 
1.Build processes all sorts of 
coverage i.e., point, line 
1.Clean processes only line and 
polygon coverage, it doesn't 
and polygon coverage.  process point coverage.     
2.Build doesn't create extra 
intersections, whenever 
lines cross one another. 
 
2.Clean is used to create 
intersections, place a node at 
each intersection wherever 
the line crosses another. 
3. Build creates topology at a 
very fast speeds.  
3.Clean has a much slower 
speed.  
4.Build assumes that the 
coordinates are corrected. It 
can be used to reconstruct 
topology many times 
4.Clean uses a specified dangle 
distance and fuzzy tolerance 
to create topology.  
7.2 Project Data Editing   
    After topology is completed in ArcInfo, the Arc edit is used to 
display the map and the dangle node shows the error of map like 
over shoot, under shoot, duplicated line. Before analysis the error 
is corrected using the ArcInfo commands or AutoCAD commands 
“Trim, for overshoot”, “Extend, for undershoot” and “Erase, for 
duplicated lines”. The researcher used AutoCAD editing 
commands to correct errors because editing by AutoCAD is 
simpler and easier than by ArcInfo editing. Before analysis, the 
coverage should be rebuilt for topology; “Clean” and “Build” 
commands are recommended after Arc edit session. 
     Figure (7.1), shows a flow chart diagram for the methodology 
of the research comprising data collection, building database, 
scanning, vectorization, editing, constructing topology, adding 
attribute data, analyzing data, laying out, and plotting. 
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7.3 Spatial Analysis of research  
 
    The spatial analysis is a special case of analysis which  
completes the final result of analysis and helps us to  
use the following:  
(a) Identify trends of data.  
(b) Create new relationships from the data.  
(c) View complex relationships between data sets.  
In the spatial analysis the range of geographical analysis 
procedures can be subdivided into the following categories:  
             
      7.3.1 Database Query  
 
     In database query (see figure 7.2), you can change the 
columns and records that a database table represents by changing 
its query. To change a database table's query: 
 
(1) From the Table menu, choose Properties. The Database Table    
Property dialog appears. The Tables list contains a list of all 
the tables you can access for one of the active connections. 
(2) Change the SQL Select statement by typing in the SQL 
Statement box or deleting text from the Select statement. You 
can add a column by positioning the cursor where you want it 
to appear in the SQL statement, clicking on the column's table 
in the Tables list, and then double-clicking the column in the 
Columns list. Some tips for creating SQL Where clauses are 
provided. 
(3) To change the table's name, type in the Table Name box. 
(4) To add comments about the Select statement or the         
purpose of the table, type in the Comments box   
(5) To convert a forward only scrolling database table to a key set 
database table, choose the proper table in the Unique Column 
Table list and then choose a unique column in the Unique 
Column list. To convert a key set database table to a forward 
only scrolling database table, choose <none> from the Unique 
Column list. 
 
(6) Click OK.  
 
Figure (7.2): The Database query 
  
7.3.2 Proximity analysis 
 
    To perform proximity analysis with the Spatial Analyst you start 
by using Assign Proximity in the Analysis menu to create a grid 
theme that stores for each cell the id, or value, of the nearest 
feature. The features used to assign proximity can be points, lines, 
polygons, or non-null cells. Each cell in the output grid theme is 
given the value found in a specified field for each feature. This 
proximity theme can be used to define the space allocated to each 
feature or to identify the closest feature in another theme.  
Assign Proximity works off of the selected set of the active theme. 
If the active theme has no selected set, then all features in the 
theme are used. If you wanted to create proximity areas for 
residential and commercial classes in a land use theme, you would 
first select all residential and commercial areas in the theme with 
the Query builder .  
 
  
7.3.3 Network analysis  
 
    Network models are based on interconnecting logical 
components, of which the most important are : 
1."Nodes" define start, end, and intersections.  
2."Chains" are line features joining nodes.  
3."Links" join together points making up a chain.  
This network can be analyzed using GIS. A simple and most 
apparent network analysis applications are : 
(a) Street network analysis.  
(b) Traffic flow modeling. 
(c) Telephone cable networking. 
(d) Pipelines etc . 
 
The other obvious applications would be service center locations 
based on travel distance. 
Basic forms of network analysis simply extract information from a 
network. More complex analysis, process information in the 
network model to derive new information. One example of this is 
the classic shortest-path between two points. The vector model is 
more suited to network analysis than the raster model. To trace 
the nearest manhole route from ArcView GIS 3.2a select: network 
–find closest facility. The result is shown in figures (7.3) 
 
Figure (7.3): The network analysis 
 
7.3.4. Statistical and Tabular Analysis   
 
Use this option from the Field menu to obtain statistics about a 
numeric field in a table. 
Select the name of the numeric field you wish to obtain statistics 
about and then choose Statistics from the Field menu. ArcView 
displays a window containing the sum, count, mean, maximum, or 
minimum, range, variance, and standard deviation for that field's 
values for the currently selected records, or, if there aren't any 
selected records, all records. To use statistic analysis from ArcView 
GIS 3.2a to find the total area of some particular polygon features 
in a theme: 
1. Click on the theme in the Table of Contents to make it active. 
2. Select the polygon features on the view. 
Open the theme’s table by choosing Table from the Theme 
menu or click the Open Theme Table button. 
3. The theme's table will 
be displayed, with the 
records for the selected 
polygons highlighted.    
4. Click on the field called Area to make it active. 
5. Choose the Statistics 
control. Read the total area 
for the selected polygons. The 
results are shown in figures 
(7.4, 7.5) 
 
 
Figure (7.4): Selected 
polygons in the updated 
Khartoum 
 Center map 
  
   
Figure (7.5): Statistical 
analysis of selected polygons  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CHAPTER EIGHT 
PROJECT DATA PROCESSING AND ANALYSIS 
    The GIS analysis technique adopted for the project data is the 
intersection method in which the ideal site selection is based on 
the intersection between different locations using their common 
properties. This method offers the decision-makers suitable chance 
to take a decision based on the integration of the different project 
data layers. It creates buffer areas according to the requirements 
of a certain project. Five sample projects were used in the 
investigation, three of them are in the urban study area and two in 
the rural study area. The urban area sample projects are 
agricultural project, a sewerage station project and chemistry lab 
project. The rural area sample projects are, a water supply station 
and a shopping center project.      
8.1 Agricultural Project in the Urban Study Area 
     A company plans to invest in greater Khartoum in an 
agricultural project to grow different crops and needs to select a 
specific site that meets the following requirements: 
(a) The agricultural area is at least 20 hectare (200000 
square meters) in size.  
(b) The site should not be forested (eliminating the cost of 
cleaning the land). 
(c) The agricultural area must be a flat land.  
(d) The soil should be suitable for both building construction 
and agriculture.  
(e) The project area should be located near schools, 
universities, hospitals and petrol stations to reduce the 
total cost of the project.   
 To perform an analysis for the 
fulfillment of the five conditions 
required above, using ArcView GIS 
3.2a click on the Query builder icon 
 to find the best location that 
meets the requirements of area with 
suitable cost, flat land, suitable soil 
and near services (see figure 8.1)  
  
Figure (8.1): Starting the 
analysis by query builder  
 
   (f) The distance of the agricultural project from the main   
existing roads should not exceed 300 meters.     
(g) It should not be more than 2000 meters away from 
rivers and streams.  
   Using ArcInfo or ArcView GIS 3.2a to create a Buffer of 300 
meters around the existing roads and a buffer of 2000 meters 
around the river Nile. The results are shown in figures (8.2,8.3): 
 
 
 
Figure (8.2) Buffer 300 meters around main streets 
 
 
Figure (8.3): A buffer of 2000 meters around the river Nile  
 
8.1.1 Convert feature themes to grid themes 
 
   In spatial analysis, to convert 
layers of urban and rural areas 
to grid themes: 
a. Click on the feature 
themes you want to 
convert to grid    themes.     
b. From the Theme menu, 
choose Convert to Grid.  
c. If the view's analysis 
properties haven't been 
set to a specific value, 
then you'll be prompted to 
set the extent and cell 
size for the output grid 
theme.  
d. Do so in the Conversion 
Extent dialog and press 
OK. For more information 
on setting the analysis 
extent and cell size using 
this dialog, see Output 
Grid Specification Dialog 
box. 
e. In the Conversion Field 
dialog, choose a field in 
the feature theme that 
will be used to give values 
to the cells in the output 
grid theme. Press OK. 
f. Provide a name and 
directory for the output 
grid data set, and then 
press OK. Grid data set 
names cannot be longer 
than 14 characters and 
cannot contain a "." or 
space.  
g. If the conversion field 
is a string or integer field, 
then you can choose 
whether or not to add all 
the attributes of the 
feature theme to the table 
of the output grid theme. 
h. Choose whether or not 
to add the new grid theme 
to the view. 
i. Start over with step 2 for 
each feature theme 
activated. 
 
 Any type of feature theme 
created from any type of source 
file can be converted to a grid 
theme. It doesn’t matter if the 
source data for a feature theme 
comes from AutoCAD drawing, 
ARC/INFO coverage, or shapefile; 
it can be converted to a grid 
theme. If you wish to convert a 
data base theme to a grid theme, 
you must first convert it to a 
shapefile with Convert to Shapefile 
in the Theme menu  (see figure 
8.4).   
 
 
Figure (8.4): Convert feature 
themes to grid themes 
 
8.1.2 Overlay   
 
    Using ArcView GIS 3.2a, it is very 
easy to display layers or feature 
themes by clicking the item “Add 
theme” from “Theme” menu, but 
this process doesn’t help for 
performing spatial analysis. For 
performing spatial analysis, we can 
use “map calculator” from 
“Analysis” menu for the grid 
themes.  
Method of overlaying the grid 
themes: 
a. From the “Analysis menu”, 
choose “Map Calculator”. 
b. The Map Calculator dialog 
aids in the creation of an 
expression that produces a 
new output grid theme. The 
expression can be based on a 
single grid theme or multiple 
grid themes. To aid in the 
creation of the expression, 
there are five groups of inputs 
in the “Map Calculator dialog”. 
The first is the Layers scrolling 
list which identifies the 
available grid layers in the 
active view; the second, 
arithmetic operator buttons; 
the third, a keypad of numbers; 
the fourth, a group of relational 
and Boolean operators; and the 
fifth, a series of mathematical 
functions. A typical sample 
session follows: 
c. Double-click on a layer from 
the “Layers scrolling list”. 
d. Press one of the arithmetic 
operators (e.g., *, /, -, and +).  
e. Press the appropriate 
numbers on the keypad to 
apply to  
the values of the input 
layer using the arithmetic 
operation. 
f. Press another 
arithmetic operator. 
g. Choose a second layer from 
the Layers scrolling list. 
h. Choose a mathematical 
functional group from the 
dropdown list to the far right of 
the Map Calculator (e.g., 
Logarithms, Arithmetic, 
Trigonometric, or Power). 
i. Choose one of the 
mathematical buttons that 
appear in the mathematical 
function group of buttons. 
j. Repeat steps 6 - 9 until 
you've entered all components 
of   
         the expression. Press 
Evaluate. 
        In the map calculation, we 
find that the cultivation area 
whose ID number is 20 in 
Shambat farms is the most 
suitable area; in the urban study 
area the analysis result is shown 
in the areas which color is red. 
The result is shown in figure 
(8.5): 
 
 
 
Figure (8.5):Results of intersection values of an agricultural 
project 
 
The analysis process, which was performed, as described 
above site resulted in twelve options that meet the requirements 
of customers and we can use the histogram of these options to 
select the optimum site with suitable cost. From ArcView GIS 
3.2a select “summarize zones” and “histogram by zones”. The 
results are shown in table (8.1) and figure (8.6): 
 
Table (8.1): summarization of the analysis options  
  
  
 
 
 
Figure (8.6) Histogram of the final result of an agricultural project  
 
    In the above histogram, we find that the cultivation area whose 
ID number is 20 in Shambat farms is the most suitable area. Total 
cost of the area equals 2067 million SD; this equals USD 7.6 
million (see appendix B). 
     The following six points whose coordinates are shown in table 
(8.2) represent the corners of the agricultural project area. 
 
  Table (8.2): Six corners of an agricultural project 
Point 
(NO) 
Easting (m) Northing (m) 
1 449551.16 1731989.84 
2 448150.74 1732232.96 
3 447907.61 1730239.31 
4 448257.71 1730268.48  
5 448442.49 1731542.48 
6 449308.03 1731347.98 
 
 
 
 
 
8.2 Sewerage station project in the urban study area 
 
    A company needs to construct a sewerage station that meets 
the following requirements: 
a. The area of the sewerage station must be at least 
30000 square meters to satisfy future needs of 
the increasing number of population and buildings. 
The station should contain a sewerage chemical 
treatment plant in addition to a reserve station. 
b. The soil of the site must be suitable from the 
geological aspect. 
c. The elevation of the site of the station must be at 
the minimum level so that the station shall 
operate under gravity. 
d. The location of the sewerage station must be, at 
least, 300 meters away from the buildings (buffer 
distance of buildings =300 meters). This buffer 
distance depends on velocity and direction of 
wind. 
e. The total cost of the sewerage station must be 
suitable. 
8.2.1 Ideal method for selecting an area of future sewerage 
station. 
    This method depends on the number of population of the city 
or town and the steps of this method are: 
(a) The population of Khartoum town =5139000 persons 
(approx). 
(b) The annual population growth rate =1%. 
(c) Total increase of population after 20 years =20%.   
(d) The number of population after 20 years is calculated 
according the formula: 
       P =P0 (1+r)
n  ( ABU GOUKH , 1985).  
 
     P=The total population number after "n" years. 
     P0=The current population number. 
     r = The increase rate in "n" years. 
     n = The number of years. 
     P = 5139000(1+0.2)20   = 197016926 person. 
(e) Waste rate per person = 250 L/day. 
(f) Total sewerage (QLT ) 
  QLT  = P * 250  = 4.93*10
10  L/day. 
(g) Reserve sewerage rate (Q peak) 
  Qpeak   = QLT * 1.33 = 6.55*10
10  L /day .  
(h) Waste loss  (Q loss)  
   Qloss = Qpeak *0.8 / 1000 = 52406502.32 
(i) Volume = Qloss  * time period  
  Suppose the daily pumping period = 20 minutes. 
  Volume = 52406502.32 *20/24*60 = 727868.09 m3 . 
(j) The volume of basin is divided into 3 parts  
     v/3= 242622.695 m3 . 
(k) In order to achieve good precipitation the basin depth 
should be 7.5m 
(l)Area of basin = v/7.5  = 32349.69 m2  
The urban study area is affected by the increase of 
population and buildings. The researcher supposes that the 
growth of buildings in Khartoum state within 20 years becomes 
as shown in figure (8.7): In order to perform a 3D analysis, 
select  “3D scene” from “view” item in ArcView GIS 3.2a: 
 Figure (8.7): Analysis by 3D analyst  
 
To select the optimum site of the sewerage pump station by 
analysis, convert all the study area from feature theme to grid 
theme, (see figure 8.8)  
 
 Figure (8.8):Convert the urban study area theme to grid theme  
 
To avoid the present problems in Khartoum center of the 
sewerage network which creates a number of environmental 
problems like air and water pollution and transmission of 
communicable diseases, use a buffer distance that is greater 
than or equal to 300 meters and convert the minimum contour 
theme to a grid theme (see figure 8.9) 
 
 
 
 Figure (8.9): Buffer distance>300 meters in Khartoum buildings  
  
Using “map calculator” to overlay grid themes layers in 
intersection method of analysis in order to select optimum site 
of sewerage station. The selection of four sites resulted from the 
spatial analysis (see figures 8.10-8.11)  
       
 Figure (8.10): Four sites of sewerage stations in Khartoum 
 
Figure (8.11): Histogram of sewerage stations area  
Based on the analysis result of the histogram above, the area 
ID equals 2 in Alsunut forest whose area equals 244541.2031 
m2which is a very good optimum site because the location 
satisfies the above requirements, in addition to that, this site is 
located where wind blows in a direction so that it takes the bad 
smells away from the inhabited buildings. From this area 
company can select ideal area equal 32349.69 m2 and because 
the total cost of area is suitable equals 77 million SD, this 
equals 28.5 million USD, located in minimum contour line and 
soil is suitable type ”clayey sand” source of soil data 
(Mohammed, 2001), for a detailed information see appendix 
(C). 
    The following four points whose coordinates are shown in 
table (8.3) represent the corners of the Sewerage station 
project area. 
   Table (8.3): Four corners of the Sewerage station area  
Point (NO) Easting (m) Northing (m) 
1 447138.88 1724662.91 
2 446854.26 172466.91 
3 446855.77 1723802.24 
4 447139.64 1723803.75 
     
8.3 chemistry lab project in the urban study area 
    A local university plans to construct a small chemistry lab. 
And office buildings for research projects near Khartoum city but 
needs to select a specific site that meets the following 
requirements: 
1. The area should not exceed 2000 square meters.  
2. The soil must be suitable for construction of buildings.     
3. The site should not be forested and should be located in 
a flat land.  
4. The distance between the lab and the sewer lines should 
not exceed 400 meters.  
5. The national water authority has passed a recent 
resolution that no buildings to be constructed within a 
distance of 20 meters from the sewer lines.  
6. The distance between the lab, and the existing streets 
should not exceed 500 meters.  
    In order to select the site that satisfies the area, soil type and 
class requirements, we used “Query builder ” From “theme 
properties” in ArcView GIS 3.2a. From the above analysis, the ID 
of the optimum site of chemistry lab area is ID 11 and the area 
equals 1318.4611 m2 (see figure 8.12) 
 
Figure (8.12): Result of chemistry lab area selection  
    The researcher completed the analysis to find the result 
above in figure (8.12), the author created buffers 400 m. 
around the sewer line and 500 m. around the existing roads. 
These buffers were converted from features themes to grid 
themes and the grid themes were overlaid by the “map 
calculator” to complete the spatial analysis. The final result of 
the analysis is shown in the histogram in figures (8.12-8.13)  
 
Figure (8.13) Histogram of final result of chemistry lab area 
selection  
From the above histogram, the ID of the optimum site of 
chemistry lab area is ID 11 and the area equals 1318.46 m2 
(see table 8.4) in Hai ALMatar. 
 
 
Table(8.4):Summarization of the options of analysis  of the chemistry lab 
 
The following four points whose coordinates are shown in table 
(8.5) represent the corners of the chemistry lab area 
Table (8.5): Four corners of the chemistry lab area  
Point (NO) Easting (m) Northing (m) 
1 450898.40 1724352.47 
2 450962.02 1724352.47 
3 450962.02 1724332.95 
4 450898.51 1724331.22  
8.4 Shopping center project in the rural study area  
    Trade companies can use GIS to determine the best location 
for a new outlet. A company needs to construct a shopping 
center selling all food supplies to the people in the White Nile 
villages and needs to select a specific area that meets the 
following requirements: 
1. The area must be suitable for building. 
2. The area must not be forested. 
3. The location of the shopping center should not be more 
than 1000 meters away from the existing villages.  
4. The distance between the shopping center location and 
any of the existing Wadis or Khors should not be less 
than 2000 meters.  
5. The distance between the shopping center location and 
any of the existing roads should not exceed 400 
meters.  
     Using ArcInfo or ArcView GIS 3.2a, we can create 
Buffering of 1000 m. around villages, 2000 m. around 
wadi or khor and 400 m. around the existing roads. The 
researcher used “convert to grid” command in order to 
convert villages, khor and roads buffer theme to grid to 
grid theme. Using ArcView GIS 3.2a layers were overlaid by 
using “map calculator” in order to complete the spatial 
analysis (see figure 8.14): 
 
Figure (8.14): Overlay grid themes by map calculator  
The results of optimum site of a shopping center area of the 
spatial analysis are shown in the table (8.6) and figures (8.15-
8.16) 
Table (8.6): Summarization of the Shopping center analysis  
  
 
Figure (8.15): Result of analysis of the shopping center area 
 
Figure (8.16): Histogram of the shopping center area selection 
    From the above Histogram, through the analysis, eleven 
options of optimum site of shopping center were selected in 
Jabel awlia province. Among these sites, the one which is 
suitable and not forested is the area whose ID=1and which is 
east of Hillat Alawaida.  
    The following four points whose coordinates are shown in table 
(8.7) represent the corners of the shopping center area. 
Table (8.7): Four corners of the shopping center area  
Point (NO) Easting (m) Northing (m) 
1 433792.27 1692617.45 
2 432822.87 1692603.80 
3 432804.66 1691962.08 
4 433805.92 1691971.18 
 
8.5 water supply station in the rural study area 
    Jabel Awlia province faces many problems concerning 
drinking water; in addition to that the wells water or ground 
water is not healthy. Some of the wells in the study area were 
known to be unusable as drinking water sources. For these 
reasons a company plans to construct a water supply station 
and needs to select a specific site that meets the following 
requirements:  
a. The area of the station should be, at least, 
1000 square meters to satisfy future water 
needs.  
b. The location of the station should not be 
more than 2000 meters away from the White 
Nile. 
c. The area of the station should not be 
forested. 
d. The station should be located at the 
maximum elevation of the site, so that the 
station shall operate under gravity.  
e. The station should be located at a distance of 
at least 1500 meters away from the 
surrounding villages. 
     Using ArcInfo or ArcView GIS 3.2a GIS, the researcher 
created Buffering of 1000 m. away from the White Nile, 1500 
meters away from the surrounding villages. (See figure 8.17).  
  
Figure (8.17): Display buffering layers and contours of rural 
area  
    “Convert to grid” command was used in order to convert 
villages buffer theme, White Nile buffer themes and contour 
theme to grid themes.  From ArcView GIS 3.2a layers were 
overlaid by using “map calculator” in order to complete a 
spatial analysis in order to select the optimum site of a water 
supply station according to the requirement of selection (see 
figures 8.18-8.19) 
 Figure (8.18): Overlay grid themes by map calculation 
 Figure (8.19): Result of analysis of the water supply station area 
Twenty-nine sites of the area for water supply station were 
selected, west of Khazan Gabel awlia. The final result of the 
most optimum site of water supply station according to the 
requirements are six sites and the final result is shown in table 
(8.8) and figure (8.20) 
Table (8.8): Summarization of the analysis of the water supply 
station 
 
  
Figure (8.20): Histogram of water supply station area 
 From the above histogram, the optimum site of the water 
supply station is the area whose ID=3 and area equals 
184710.57 m2 between the two villages: Hillat Umm Marahi AL 
jadeda and Hillat al montazah. The customers can utilize 
1000m2 of this area to construct their required water supply 
station. The following four points whose coordinates are shown 
in table (8.9) represent the corners of the water supply station 
area. 
Table (8.9): Four corners of the water supply station area  
Point (NO) Easting (m) Northing (m) 
1 435955.98 1674075.19 
2 43530.84 1674075.19 
3 435524.77 1673637.90 
4 435955.98 1673637.90 
 
 
 
 
 
CHAPTER NINE  
 
CONCLUSIONS AND RECOMMENDATIONS 
9.1 Conclusions  
 
     The tests carried out in the thesis investigated the 
possibility of applying GIS analysis Techniques for optimum 
site selection processes. The effort made in the thesis clearly 
revealed the potentiality of applying modern GIS analysis 
methods for site selection in both rural and urban application 
areas. The role of the nature of the source data also must be 
considered. In this study the source of data is an existing map 
and digitizing was carried out on screen using AutoCAD 
digitizing facilities. 
     This contributed significantly to the over-all difficulties 
experienced in the project data capture and manipulation. 
There is no doubt that the validity of these tests would be 
increased and such difficulties would be encountered if data is 
available in a digital form. 
     The type of GIS system used should also be considered. In 
this study the tests were carried out using the user interface 
tools available in different GIS technology supposing 
programs. There is no doubt that the validity of these tests 
would be increased if a multi-purpose customized GIS and 
digital data base were adopted. The reason for this is twofold. 
Firstly, it is possible to share and exchange data between the 
different bodies supporting the multi-purpose system and 
secondly, there is a possibility of creating a multi- purpose 
digital data base to be used for site selection applications in 
different fields and for different purposes. This avoids the 
duplication of effort in data capture and manipulation and 
insures a more integrated decision making process based on 
the integration of all the data layers related to the site 
selection decision process involved. 
     There is no doubt that the author had gained an enormous 
personal experience in conducting the investigation. The study 
has involved practical experience in digital data capture, 
manipulation, processing, and production of graphical output 
to assist in the analysis of results. Experience has also been 
gained in the understanding of the process of site selection, in 
the creation of the base models and using many GIS 
application softwares, such as AutoCAD, ArcInfo and ArcView. 
 
 
 
 
       9.2 Recommendations  
 
      The ultimate aim of such tests should be towards allowing 
any potential GIS technology based site selection user to 
establish the optimum combination of hardware, GIS 
application softwares, data and methods. A variety of GIS 
application softwares and wide rage of GIS hard wares are 
available off the shelf. The trained and qualified personel who 
design and use the GIS system are available and the 
geographic data and tabular related data may be obtained 
from a variety of sources. However, a lot of effort duplication 
would take place if GIS Technology based site selection 
process are to be applied by adopting in-home GIS systems so 
the future research should be aimed towards the following: 
 
(a) Preparation of multi-purpose digital databases and 
multi-purpose GIS Technology based site selection processes. 
(b) Possibilities of data share and data exchange 
between different departments and organizations. 
(c) Possible ways and requirements for making full use 
of existing data sources (Existing maps, Arial photo satellite 
images, tabular data etc). 
(d) Customization of existing GIS application softwares 
for supporting optimum site selection processes.               
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